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Description 

[0001] This invention relates to a plastic foam material. More specifically, this invention is directed to a plastic foam 
material composed of a polyolefin based resin composition (hereinafter referred to as "plastic foam rnaterial") and 
5 products derived therefrom. The present Invention is also directed to a method of malting the plastic foam material. 
[0002] Due to their superior heat insulating properties, prior art plastic foam material has found widespread use as 
aircraft, train and automobile components such as panels and seating. 

[0003] The aforementioned products and interior components can be fomied by various means, including vacuum 
molding, press molding, and similar processes at high temperature. Accordingly, most plastic foam materials composed 
10 of a polyolefin based resin contain a polypropylene based resin, which imparts superior heat resistance properties to 
products derived from the plastic foam material. 

[0004] Polypropylene based resin and products derived therefrom, however, are plagued by numerous drawbacks. 
Chief among them is a tendency to deteriorate. This often happens because with polypropylene based resin and derived 
products, the involved molecular chains are subject to breakage during the foaming process. Such deterioration results 
'5 from the stresses produced by ionizing radiation, peroxides and similar means. 

[0005] These stresses on the molecular chains occur during cross-linking and during the foaming process. Such 
breakage encountered by polypropylene based resins during the foaming process is a problem which has not been 
adequately addressed in the prior art. 

[0006] In an attempt to overcome the aforementioned deficiency related to prior art polypropylene based resins and 
20 derived products, the use of a polyethylene based resin has been proposed. Employing such a polyethylene based 
resin was attempted in order to strengthen the resulting products. The goal was to eliminate breakage encountered 
by polypropylene based resins in making plastic foam materials composed of polyolefin based resins and derived 
products. 

[0007] One such method, disclosed in Japanese Laid Open Patent Publication 846-39716, attempts to overcome 
25 the numerous disadvantages of prior art plastic foam materials using a method for making plastic foam material com- 
posed of polyolefin based resin, which includes a foaming agent. The foaming agent is added after cross-linking the „ 
polyolefin based resin sheet with ionizing radiation. However, the moldability of the plastic foam material derived from 
this process is inadequate. 

[0008] SImilariy, Japanese Laid Open Patent Publication H2-1 02234 discloses a plastic foam material composed of 
30 a polyolefin based resin wherein the resin composition used to fornn the plastic foam material includes a combination 
of a polyethylene based resin and a polypropylene based resin. The degree of cross-linkage of the polyethylene based 
resin is essentially the same as that of the polypropylene based resin. 

[0009J However, the moldability of the resulting plastic foam material composed of the aforementioned mixed resin 
composition is severely compromised. 
35 [001 0] The prior art also shows attempts to improve the moldability of plastic foam materials composed of polyolefin 
based resins. Japanese Laid Open Patent Publication No. S63-1977 discloses a process wherein the plastic foam 
material, composed of a polyolefin based resin, is formed from a polyolefin resin in which the degree of cross-linkage 
in the inner layers is higher than that in the surface layers. 

[0011] However, the anticipated improvement disclosed in the process of Japanese Laid Open Patent Publication 
40 No. S63-1977 does not achieve adequate cross-linkage in the inner layers. Therefore, the improvement in the mold- 
ability of the resulting plastic foam material is insufficient. 

[0012] Generally, polypropylene based cross-linked resin is used in similar ways according to the prior art processes. 
This includes lining the inside surface of a product with a polypropylene based cross-linked resin by vacuum molding 
or press forming. 

45 [0013] Such surface materials generally include polyvinyl chloride sheets, thermoplastic elastomer sheets, natural 
or artificial fabrics, leather and similar materials, according to the prior art processes. The temperature for vacuum 
molding and press fonning is generally higher than 160"C. 

[001 4] However, breakage readily occurs due to the mismatch of the elongation rate of the plastic foam material with 
the elongation rate of the surface material at high temperature. This is because the elongation rate of the plastic foam 
50 material at high temperature is considerably slower than that of the surface materials. 

[0015] Additionally, the resulting plastte foam material is liable to break and disintegrate if its heat-resistance is in- 
adequate. As a result, the top layer of the plastk; foam material is liable to peel off, causing the surface layer to swell, 
which in turn, may allow creases to appear on the surface of the layered body. 

[0016] Japanese Laid Open Patent Publication No. H2-67129 proposes joining a plastic foam material composed of 
55 a polyolefin based resin with its surface material by adjusting the fluidity of the resin. This is done with a view towards 
solving the above enumerated problems associated with the prior art processes. This fluidity adjustment is done using 
a polyolefin based resin with a melt index (Ml) which falls within a specified range. 

[0017] The desired Ml requires a specific temperature such as 230*'C. Japanese Laid Open Patent Publication No. 
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. H2-67129 does not disclose good moldability and adherence at other operation temperatures. 
[0018] The use of a mixed resin composition containing polypropylene based resin and polyethylene based resin 
has been studied in order to substantially improve heat-resistance of plastic foam materials composed of a polyolef in 
based resin. 

5 [0019] Japanese Laid Open Patent Publications Nos. S46-3871 6 and No. S58-57542 each disclose the use of spe- 
cific cross-linking agents to achieve better cross-linkage. Similarly, Japanese Laid Open Patent Publication, No. 
j S63-1 977 discloses use of a specified amount of cross-linkage in an attempt to improve cross-linking in prior art plastic 
foam materials. 

[0020] However, none of the prior art references manages to overcome the problem of the compatibility between 
10 cross-linking agents and involving specific resin components. Additionally, substantial differences exist between the 

dispersion of cross-linking agents in each of the various resin components. The difficulty in achieving desired dispersion 

increases as the degree of cross-linkage between various cross-linking agents and resin components increases. 

[0021] It is an object of this invention to provide a plastic foam material composed of polyolef in based resin which 

overcome the deficiencies associated with prior art plastic foam materials. 
IS [0022] It is a further object of this invention to provide a method of making the plastic foam material. 

[0023] It is a further object of this invention to provide a plastic foam material composed of a polyolef in based resin 

which exhibits superior formability in molding and fomiing products therefrom. 

[0024] It is a further object of this invention to provide a'plastic foam material com'poseci of polyolefin based resin 
which exhibits superior adherence to an outer layer of a foreign substrate Including a process for making the same. 
20 [0025] It is still a further object of this invention to provide a plastic foam material composed of polyolefin based resin 
which exhibits superior heat resistance. 

[0026] It is still a further object of this invention to provide a plastic foam material composed of polyolefin based resin 
which exhibits Improved elongation at high temperature. 

[0027] It is still a further object of this invention to provide a plastic foam material composed of polyolefin based resin 
25 which exhibits superior secondary processing properties when it forms a layered structure in conjunction with a sub- 
strate. 

[0028] It is still a further object of this invention to provide a plastic foam material and products derived therefrom 
which exhibit superior heat-insulating properties that will enable wide use as heat-insulating materials. Based upon 
their superior heat-insulating properties, products derived from plastto foam materials may be used extensively in many 

30 applications In different fields. As such, only representative examples will be describe herein. 

[0029] It is still a further object of this invention to provide products composed of the plastic foam material of the 
present Invention which are well suited for use as building materials exemplified by ceilings and installment panels. 
[0030] Briefly stated, the present invention provides a plastic foam material composed of a polyolefin based resin 
composition, which consists essentially of specified amounts of polypropylene based resins and polyethylene based 

35 resins, included from 20 to 65 weight percent of a cross linked portion as claimed in claim 1 . The cross linked portion 
consists of from 55 to 95 weight percent of a cross linked polypropylene and from 5 to 45 weight percent of cross linked 
polyethylene. The amount of cross-linkage can be detemilned by a xylene extraction technique. The plastic foam 
material may further include specified amounts of a cross-linking agent and specified amounts of an organic thermo- 
decompositlon foaming agent. 

40 [0031] The thermodecomposition foaming agent decomposes at sufficiently high temperatures to yield a plastic foam 
material, which exhibits superior adherence properties and fewer deformities of its surtace exemplified by swelling, 
shrinkage and wrinkling of its surface. A method to produce the plastic foam material is also disclosed. . 
[0032] According to an embodiment of the invention, there is provided a plastic foam material consisting of an poly* 
olefin based resin composition comprising, from 40 to 95 weight percent of polypropylene based resins, from 5 to 60 

45 weight percent of polyethylene based resins. 

[0033] The plastic foam material includes from 20 to 65 weight percent of a cross linked portion, and the cross linked 
portion consists includes from 55 to 95 weight percent of a cross linked polypropylene and from 5 to 45 weight percent 
of cross linked polyethylene. 

[0034] According to a feature of the invention, there is provided a plastic foam material comprising a polyolefin based 
so resin composition comprising from 40 to 95 weight percent of polypropylene based resin containing from 2 to 1 5 weight 
percent of ethylene, from 5 to 60 weight percent of a polyethylene based resin; the plastic foam material further includes 
from 20 to 65 weight percent of a cross linked portion, the cross linked portion consists of from 55 to 95 weight percent 
of a cross linked polypropylene and from 5 to 45 weight percent of cross linked polyethylene. 
[0035] According to a feature of the invention, there is provided a method for preparing a plastic foam material com- 
55 prising the steps of mixing from 40 to 95 weight percent of polypropylene based resins and from 5 to 60 weight percent 
of a polyethylene based resins together with a cross-linking agent and a foaming agent to form a resin composition, 
extruding the resin composition to form a resin sheet: exposing the sheet to an ionizing radiation source to fomri a 
cross-linked resin sheet, and healing the cross-linked resin sheet to form a plastic foam material. 
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[0036] According to a further feature of the invention, there is provided a method for preparing a plastic foam material 
composed of a polyolefin based resin composition, comprising the steps of mixing from 40 to 95 weight percent of 
polypropylene based resins containing from 2 to 15 weight percent of ethylene and from 5 to 60 weight percent of a 
polyethylene based resins together with a cross-linking agent and a foaming agent to iorm a resin composition, ex- 
truding the resin composition to form a resin sheet: exposing the sheet to an ionizing radiation source to form a cross- 
linked resin sheet, heating the cross-linked resin sheet to fonm a plastrc foam material. 

[0037] According to yet another feature of the invention, there is provided a method for fomiing a foamed resin, 
comprising forming a mass of an uncrosslinked resin containing a foaming agent, cross-linking the resin in the mass! 
without activating the foaming agent, and after the step of cross-linking, activating the foaming agent to produce the 
foamed resin. 

[0038] According to a still further feature of the invention, there Is provided a plastic foam material comprising, in 
weight percent at least one polypropylene based resin including a melt index of from about 0.05 g/1 0 minutes to about 
12 g/10 minutes, at least one polyethylene based resin including a melt index of from about 2 g/10 minutes to about 

50g/10nnin. 

[0039] The above, and other objects, feature and advantages of the present invention will become apparent from 
the following description read in conjunction with the accompanying drawing. 

[0040] Fig. 1 is a graph showing the con-elation between the percentage of elongation of the plastic foam material, 
and the con-esponding average area of its dispersion phase, measured at 1 60**C. 

[0041] The plastic foam material of the present invention is composed of a mixture of polypropylene based resins 
and polyethylene based resins. The plastic foam material includes from about 20 to about 65 weight percent of a cross 
linked portion which further includes from about 55 to about 95 weight percent of a cross linked polypropylene and 
from about 5 to about 45 weight percent of a cross linked polyethylene. I 
[0042] The cross linked resin Includes a polypropylene based resin matrix (continuous phase) with regions of a 
polyethylene based resin dispersed (dispersed phase) therein. When viewed in a cross section, the polyethylene based 
resin region has an average area measuring no more than 4.0 in a phase structure of 400 \vm^. The average area 
of the dispersed phase is less than 3.0 ^m^. 

[0043] The cross-linking of the two resins can be analytically determined by xylene extraction, whose steps will be 
described later. After extraction with xylene at 120*»C, the resin composition contains, in weight percent, from about 
20 to about 65 percent of a residue. 

[0044] The residue, in turn, contains, in weight percent, from about 65 to about 95 percent of a cross-linked portion 
of polypropylene and from about 5 to about 45 percent of a cross-linked portion of polyethylene. 
[0045] The preferred plastic foam material exhibiting superior heat-tolerance and impact resistance properties of the 
present invention is composed of the components described hereinafter, All percentages hereinafter refen-ed to are in 
weight terms unless otherwise stated. 

Polypropylene Based Resin 

[0046] A polypropylene based resin for use in the polyolefin based resin composition includes at least one of a 
polypropylene, a copolymer of propylene and an a-olefin other than propylene, and similar components. 
[0047] The copolymer of polypropylene includes polypropylene as its major constituent and an a-olefin other than 
propylene as a minor constituent. The minor constituent includes at least one of ethylene, 1 -butene, 1 -pentene, 1 -hex- 
ene, 4-methyl-1 -pentene, 1-heptene, 1-octene and similar components. 

[0048] The molding properties (the ability of the plastic foam material to be molded into products encompassing the 
plastic foam material) of the plastic foam material deteriorates when the content of the a-olefin in the copolymer of 
polypropylene is either too high or too low. 

[0049] Accordingly, the prefen-ed content of the a-olefin in the copolymer of polypropylene should be from about 1 
to about 15 percent, and more preferably from about 2 to about 8 percent. 

[0050] The molding properties of the plastic foam material also degrades when a melt index (hereinafter referred to 
as "Ml") of the polypropylene based resin is low. 

[0051] On the other hand, heat-tolerance and heat insulating properties of the plastic foam material deteriorate when 
the Ml of the polypropylene based resin is high. In view of the foregoing, the Ml of the polypropylene based resin ranges 
from about 0.05 to 12-g per 10 minutes. It Is preferable that the Ml of the polypropylene based resin be from about 0.3 
to 8 g per 10 minutes, and more preferably from about 0.6 to 5 g per 10 minutes. 

[0052] When the Ml of the polypropylene falls below 0.05 g per 10 minutes, the molding properties of the plastic 
foam material begins to substantially deteriorate. The ability to extrude the polyolefin based resin into molds and to 
fomn products also deteriorates when the Ml of the polypropylene based resin falls below 0.05 g per 1 0 minutes. 
[0053] On the other hand, heat-resistance properties of the plastic foam material is severely compromised when the 
Ml of the polypropylene based resin exceeds 12 g per 10 minutes. 
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[0054] Similarly, the plastic foam material becomes rigid, thereby adversely effecting the molding properties of the 
plastic foam material, when the content of the polypropylene based resin in the polyolefin based resin composition is 
too high. 

[0055] On the other hand, the plastic foam material becomes markedly' weak and exhibits inferior heat resistance 
5 and heat insulating properties when the content of the polypropylene based resin in the polyolefin based resin com- 
position is low. 

[0056] Accordingly, the content of the polypropylene based resin in the polyolefin based resin composition should 
be from about 10 to about 95 percent, and preferably from about 25 to about 95 percent, more preferably from about 
40 to about 85, and most preferably from about 45 to about 85 percent. 
10 [0057] It is preferred that the polypropylene based resin contains ethylene. It is noted that when the ethylene content 
in the polypropylene based resin falls below 2 percent, the molding properties of the plastic foam material deteriorates 
substantially. 

[0058] Similarly, the heat-resistance and heat insulating properties of the plastic foam material deteriorates when 
the ethylene content in the polypropylene based resin exceeds 15 percent. It is preferable that the ethylene content < 
15 be from about 2 to about 15 percent, and more preferable that the ethylene content range from about 2 to about 10 

percent. 

[0059] The ability of the plastic foam material to form foam (i.e. its foaming property) deteriorates when the average 
molecularVeight of fhe aforementioned polypropylene based resih fa^^^^ 

[0060] On the other hand, the softness of the plastic foam material substantially deteriorates when the average 
20 molecular weight of the aforementioned polypropylene based resin exceeds 6.0 x 10^. It is more preferable that the 
molecular weight of the polypropylene based resin be from about 3.0 x 1 0^ to about 5.0 x 10^. | 

Polyethylene Based Resin 

25 [0061] As mentioned previously, the plastic foam material of this invention is composed of a polyolefin based resin 
composition, containing specified amounts of polypropylene based resins and polyethylene based resins and specified 
amounts of cross-linked portions. 

[0062] The polyethylene based resin can include at least one of a polyethylene, a copolymer of ethylene and an a- 

olefin other than ethylene, exemplified by at least one of propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen- 
30 tene, 1 -heptene, 1 -octene and similar compounds, a copolymer of ethylene and an acrylic acid, a copolymer of ethylene 
and a methacrylic acid, a copolymer of ethylene and a low molecular weight alkyi ester of an acrylic acid, a copolymer 
of ethylene and a low molecular weight alkyI ester of a methacrylic acid, a copolymer of ethylene and vinyl acetate, 
and similar materials. 

[0063] The molding properties of the plastic foam material is severely compromised when the content of the ethylene 
35 in the abovementioned copolymers i.e., a copolymer of ethylene and acrylic acid, is low. As such, it is preferable that 
the ethylene content in copolymers of ethylene be at least 80 percent. 

[0064] A similar deteriorating effect on molding properties i.e., inability to fabricate products from the plastic foam 
material, is observed when the Ml of the polyethylene based resin falls below 2 g per 10 minutes. 
[0065] On the other hand, the heat-resistance properties including heat insulating properties of the plastic foam 
40 material including products derived therefrom deteriorate when the Ml of the polyethylene based resin exceeds about 
50 g per 10 minutes. It is preferable that the Ml range from about 3 to 30 g per 10 minutes. 

[0066] Likewise, it becomes increasingly diffk^ult to extrude the plastic foam material when the Ml of the polypethylene 
based resin falls below 2 g per 10 minutes. A value of Mt below about 2 g per 10 minutes also compromises the overall 
appearance of the plastic foam material. 
45 [0067] When the Ml of the polyethylene based resin falls below 2 g per 1 0 minutes, compatibility between the poly- 
ethylene and polypropylene is compromised and dispersion of the resin becomes poor. 

[0068] On the other hand, the heat-resistance properties of the plastic foam material are greatly compromised when 
the Ml of the polyethylene based resin exceeds 50 g per 10 minutes. 

[0069] Deterioration of the molding properties of the plastic foam material is also observed when the content of the 
50 polyethylene based resin in the polyolefin based resin composition falls below 5 percent. When the content of the 
polyethylene based resin in the polyolefin based resin composition falls below 5 percent, the plastic foam material 
tends to become very rigid. This rigidity, in turn, compromises the molding properties of the plastic foam material. It is 
preferable that the amount of the polyethylene based resin in the polyolefin based resin composition not fall below 15 
percent. 

55 [0070] On the other hand, when the total amount of the polyethylene based resin in the polyolefin based resin com- 
position exceeds about 90 percent, a deterioration in the heat-resistance and heat insulating properties of the plastic 
foam material is observed. It is preferable that the total amount of the polyethylene based resin in the polyolefin based 
resin composilion not exceed about 75 percent, more preferably 60 percent and most preferably 55 percenl 
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Apparent Density 

[0071] When the apparent density of the plastic foam material falls below 0.02 g/cm^, there is a noticeable reduction 
in the molding properties of the plastic foam material. On the other hand, an apparent density exceeding about 0.2 g/ 
5 cm^, also results In a degradation in molding properties of the plastic foam material. 

Melt Shear Viscosity 

[0072] The melt shear viscosity of the polypropylene based resin preferably ranges from about 4,000 to about 30,000 
10 poises at 180 to 220''C with a shear rate of 80 to 800 per second, and more preferably, from 4,500 to about 28,000 

poises. 

[0073] When the melt shear viscosity of the polypropylene based resin exceeds 30,000 poises, it Is difficult to'extrude 
the plastic foam material. A melt shear viscosity of more than 30,000 poises makes it difficult to effectively knead a 
foaming agent together with the potyolefin based resin composition in order to form the plastic foam material. 

IS [0074] On the other hand, a low melt shear viscosity of the polypropylene based resin greatly reduces the strength 
of the kneaded mixture. Accordingly, the melt shear viscosity should not be less than 4000 poises. 
[0075] The meltshear viscosity of the polyethylene based resin preferably ranges about 2,000 to about 1 0,000 poises 
at 180 to 220°C with a shear rate of 80 to 800 per second. It is more preferable that the melt shear viscosity of the 
polyethylene based resin be from 2,500 to about 10,000 poises. * 

20 [0078] When the melt shear viscosity of the polyethylene based resin exceeds 1 0 ,000 poises, it Is difficult to extrude 
the plastic foam material. It is also difficult to effectively knead the starting materials to a desired mixture because of 
the dlffk5ulty of evenly kneading a foaming agent into the polyolefin based resin composition. 
[0077] When the melt shear viscosity of the polyethylene based resin becomes smaller than 2,000 poises, the re- 
sulting plastic foam material is noticeably weak. This weakness results from the tact that it becomes exceedingly difficult 

25 to evenly knead the starting materials. This unevenness, in turn, imparts reduced strength to the starting material, 
which, in turn, impairs the final products derived from the resulting plastic foam material. 

[0078] The melt shear viscosity of the polypropylene based resin will hereinafter, be represented by the symbol (p.^) ' 
while the melt shear viscosity of the polyethylene will, hereinafter, be represented by the symbol (^2)- 
[0079] When (n^) and (^2) are measured under identical conditions, the ratio (^i)/(^2) should preferably be from 
30 about 0.3 to about 4.0. if the ratio, as derived from (Hi)/(ii2), falls outside the aforementioned range, the overall structure 
and strength of the kneaded mixture containing the polyolefin based resin composition is substantially impaired. This, 
in turn, adversely effects the dispersion of the polyethylene based resin in the polypropylene based resin matrix. 

Cross-linking Agent, Foaming Agent, and Other Additive 

35 

[0080] The polyolefin resin composition can further include specified amounts of a cross-linking agent and a ther- 
modecomposltlon foaming agent (hereinafter referred to as "foaming agent"). Upon heating, the foaming agent de- 
composes to yield a foam material. 

[0081] A multi-functional monomer is preferred as a cross-linking agent. The multi-functional monomer should include 
40 at least two members selected from the group consisting of a vinyl group, an acryloyi group, a methacryloyi group, and 
an allyl group. 

[0082] The multi-functional monomer includes at least one of a divinyl benzene, trimethylol propane triacrylate, 
1 ,6-hexanediol diacrylate, 1 ,9-nonanediol diacrylate, 1 ,1 0-decanediol dlacrylate, trimethylol propane trimethacrylate, 
1 ,6;hexanedlol dimethacrylate, 1 ,9-nonanedjol dimethacrylate, 1,1 0-decanediol dimethacrylate, 1 ,2,4-triallyl trlmelli- 
45 tate, triethylene glycol diacrylate, tetraethylene glycol diacrylate, cyanoethyl acrylate, bis(4-acryloxy polyethoxy phenyl) 
propane, triallyl isocyanurate and similar compounds. 

[0083] The molding properties of the plastic foam material deteriorate when the amount of the cross-linking agient 
per 1 00 parts by weight of the polypropylene based resins and the polyethylene based resins falls below 5 percent. If 
less than 0.5 part by weight of the cross-linking agent is added, the degree of cross-linking between the constituents 
so to form the plastic foam material is insufficient. 

[0084] Similariy, if the amount of the cross-linking agent per 1 00 parts by weight of the polypropylene based resin 
and the polyethylene based resin exceeds 30 percent, the molding properties of the plastic foam material is severely 
compromised. 

[0085] Accordingly, it is preferable that the amount of the cross-liking agent added to 1 00 parts by weight of the 
55 polyolefin based resin composition be from about 0.8 to about 15 parts by weight. If more than 30 parts by weight of 
cross-linking agent are added, there Is a noticeable bleeding of the cross-linking agent toward the surface of the resin 
composition. 

[0086] A foaming agent capable of decomposition upon heating is preferable: A preferred foaming agent is one which 
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is organic and which decomposes upon heating, hence its decomposition is themially initiated, (hereinafter refen-ed 
to as "foaming agent"). A suitable foaming agent includes at least one of azodlcarbonamide (1,1-azobisformamide), 
benzene sulfonyl hydrazide, dinitrosopentamethylene tetramine, toluene sulfonyl hydrazlde, 4,4-oxybls(benzene sul- 
fonyl hydrazlde), and similar compounds. ' 

s [0087] The ability of the polyolefin based resin composition to form foam upon thermal interaction is greatly compro- 
mised when the amount of the foaming agent in the polyolefin based resin composition Is below 1 percent. On the 
other hand, the overall strength of the resultant plastic foam material deteriorates when the amount of the foaming 
agent in the polyolefin based resin composition exceeds 50 percent. It is preferable that the total amount of the foaming 
agent be from about 4 to about 26 percent. 

10 [0088] In addition to the polypropylene based resin, polyethylene based resins, cross-linking reagents and foaming 
agents, the polyolefin based resin composition may also contain at least one of an antioxidant, a metal deactivator, a 
flame-retarding agent, a filler, an antistatic agent, a stabilizer, and/or a pigment, etc. 

[0089] The antioxidant may be a phenol, an amine, or sulfur, etc. The amount of this additive in the polyolefin based 
resin composition should be in a range effective to prevent damage to the physical properties of the plastic foam 
15 material and products derived therefrom. 

[0090] The polyolefin based resin composition may further contain one of a thennoplastic resin and a radical gen- 
erating reagent for promoting cross-linking of the constituents. The thermoplastic resin may be polyvinyl chloride based 
or similar compounds. The radical generating reagent may be benzoyl peroxide or similar compounds. 

20 Miscellaneous 

I 

[0091] To reiterate, the cross linked resin includes a polypropylene based resin matrix (continuous phase) with re- 
gions of a polyethylene based resin dispersed (dispersed phase) therein. 

[0092] The f ormability properties of the plastic foam material are considerably superior when the polypropylene based 
25 resin forms the continuous phase with the polyethylene based resin being evenly dispersed therein. 

[0093] To reiterate, a cross sectional view of the plastic foam material yields a polyethylene based resin region having 
an average area measuring no more than 4.0 \vm^ in a phase structure of 400 [im^. The average area of the dispersed 
phase is less than 3.0 (im^. 

[0094] When the average area of the dispersed phase exceeds 3 \im^, there is an attendant decrease in the eton- 
30 gation properties of the plastic foam material. This, in turn, compromises the formability properties of the resulting 
plastic foam material. 

[0095] A similar effect, i.e., decrease In the elongation and fonrnability properties of the plastic foam material is ob- 
served when the area of the dispersed phase exceeds 4.0 ^m^ in a phase structure of 400 ^m^. 

35 Preparation of Polyolefin based Resin composition and Plastic foam material derived therefrom 

[0096] In this invention, the polyolefin based resin is prepared from predetermined amounts of polypropylene based 
resin, polyethylene based resin, cross-linking reagents and foaming agents by means of melt kneading in a conventional 
kneading machine. 

40 [0097] The polyolefin based resin composition is kneaded and molded into shapes of plate, sheet, or tube, etc. It is 
usually molded into a polyolefin based resin sheet which Includes cross linking agents and other constituents at a 
temperature low enough to prevent decomposition of the foaming agent. Articles may be formed of the material by 
extrusion and other process. 

[0098] A kneading machine for use in the melt kneading may include a conventional single screw extruder, a twin 
45 screw extnjder, a Banbury type mixer, a kneader mixer, a roller, or any other convenient apparatus. 

[0099] The plastic foam material may be prepared from a melted kneaded polyolefin based resin composition con- 
sisting of polypropylene based resin, polyethylene based resin, cross-linking reagent and a foaming agent. The knead- 
ed resin composition is rolled to form a resin sheet. The resulting polyolefin based resin sheet is Irradiated by an ionizing 
radiations source to cross-link the resin sheet. 
50 [0100] The, thus obtained cross-linked, polyolefin based resin sheet Is then heated in an oven wherein the resin 
sheet forms a foam material upon thenmal decomposition of the foaming agent. Alternatively, the cross-linked, polyolefin 
based, resin sheet may be rolled by a heating roller and heated to fomri the plastic foam material. The resulting plastic 
foam material can thereafter be molded into various articles without fear of decomposing the foaming agent. Both 
methods may be used under atmospheric pressure. 
55 [0101] Alternatively, cross-linked, the polyolefin based resin sheet can be placed in a mold and heated to form the 
foam material. 

[01 02] The ionizing radiation source may include at least one of a a-ray. p-ray, y-ray, electron beam, or similar source. 
II is preferable thai Ihe dosage of the ionizing source (8) range from 0.5 lo 20 Mrad. It If more preferable that the 



7 



EP 0 704 476 B1 

dosage of the ionizing radiation be from about 1 to about 6 Mrad. If the dosage of the ionizing radiation source is less 
* than 0.5 Mrad, the degree of cross-linkage is considered low. This in turn, results in a substantially weak plastic foanr^ 
nnaterial, which, in turn, provides weak plastic products which easily break. 

[01031 On the other hand, if the dosage of the ionizing radiation source exceeds 20 Mrad, the plastic foam material 
Is liable to become rigid, which In turn imparts substantial rigidity to products derived therefrom. Hence, the plastic 
foam material and products derived therefrom lose their desired softness and resilience. 

[01 04J Therefore, the molded article should be subjected to a limited amount of ionizing radiation to produce a cross- 
linking reaction. The dosage of ionizing radiation can be detennlned by formulas 1 and 2: 

2 < A+B < 20 FORMULA 1 



3<A+B<10 FORMULA 2 

where, 

A = Amount, in parts by weight, of multi-functional monomer per 1 00 parts by weight of polyoiefin based resin, and 
8 = Dosage (Mrad) of ionizing radiation, 

[0105] When the value of A+B falls below 2, the plastic foam material and products derived therefrom exhibit insuf- 
ficient heat-resistant properties, inferior heat insulating properties and are substantially weak. These inferior properties 
are thought to be the result of a lower degree of cross-linking. 

[01 06] On the other hand, if the value of A+B exceeds 20. the plastic foam material and products derived therefrom 
are very rigid and hence easily break upon slight impact. Also, the dispersion of the resin in the plastic resin composition 
and products derived therefrom is considered to be insufficient. It is preferable that the value of A+B be from about 2 
to about 20, and more preferably from about 3 to about 10. 

[01 07] In preparing a plastic foam material of the present invention, it is desirable to match the melt shear viscosities 
of the polypropylene based resin and the polyethylene based resin during the kneading. If such is not possible, then 
the melt shear viscosity values should be as close as possible. 

[0108] In practice, the ratio of the melt shear viscosity should be lower than 3 at the kneading temperature, preferably, 
lower than 2. If the ratio of the melt shear viscosity value is higher than 3, the dispersion of the resin in the resin 
composition matrix becomes uneven. 

Residue after Xylene Extraction 

[0109] After preparation of the irradiated plastic foam material, the amount of cross-linkage may be determined by 
the technique of xylene extraction. 

[0110] As noted previously, the polyoiefin based resin composition includes specified amounts of polypropylene 
based resin and polyethylene based resin. In order to determine cross-linking of the aforementioned resins, an extrac- 
tion step utilizing xylene at a specified temperature is perfonned on the aforementioned resin composition. . 
[0111] The extraction process described hereinafter is perfonned using xylene and yields a residue, which should 
contain specified amounts of cross linked portions of said two resins. 

[0112] The strength of the plastic foam material deteriorates substantially when the content of the residue formed 
during extraction of the polyoiefin based resin composition with xylene at 120°C falls below about 20 percent. 
[0113] On the other hand, the plastic foam material loses its softness when the amount of residue after extraction 
from the polyoiefin based resin composition exceeds 65 percent. Thus, the preferred amount of the residue afeter 
extraction fomri the polyoiefin based resin composition is from 20 to about 65 percent. 

[01 1 4] The following formula is used to determine the total amount of residue left after the xylene extraction process. 

Residue (weight percent) = (b/a) x 1 00 FORMULA 3 

where, 

"a" equals initial weight (grams) of plastb foam material composed sample, and 
"b" equals weight (grams) of the dried residue collected 
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. [0115] The extraction process Includes immersing a prescribed amount exemplified by at least 0.1 g of the plastic 
foam material In 50 ml of xylene at a temperature of 120*C and leaving it Immersed there for 24 hours. This effectively 
dissolves the uncross-llnked material. The resulting contents are then passed through a 200 mesh screen to yield a 
residue on the screen. The resulting residue is then collected, dried at SO'^C and a vacuum of 10 mm Hg pressure for 
5 5 hours, and weighed. The amount provided by the aforementioned extraction process is then calculated uking fomiula 
3, above. 

[0116] The residue resulting from the above mentioned extraction process contains a cross-linked portion of poly- 
propylene and a cross-linked portion of polyethylene. 

[01 1 7] The adherence of the plastic foam material to an outer layer (foreign substrate a/k/a skin material) deteriorates 
10 substantially when the cross-linked portion of polypropylene in the resulting residue is below about 55 percent. On the 
other hand, the softness of the plastic foam material deteriorates when the cross-linked portion of polypropylene ex- 
ceeds 95 percent. Accordingly, the cross-linked portion of polypropylene in the residue is preferably from about 55 to 
about 95 weight percent. > 
[01 1 8] The adherence of the plastic foam material to an outer layer deteriorates substantially when the cross-linked 
15 portion of polyethylene in the resulting residue exceeds 45 percent. On the other hand, the softness of plastic foam 
material deteriorates when the cross-linked portion of polyethylene falls below 5 percent. Accordingly, the cross-linked 
portion of polyethylene in the residue is preferably from about 55 to about 95 weight percent. 
[01 1 9] According to the present invention, the effects of the correlation among the weight of the cross-linked portion 
of polypropylene (W^). the weight of the cross-linked portion of polyethylene (W2), the weight of the polypropylene 
20 based resin (W3), and the weight of the polyethylene based resin (W4), depend upon a ratio represented by the following: 

{Wi/W2y{W3/W4). 

25 [0120] The molding properties of the plastic foam material deteriorates when the ratio exemplified by (W^/WgyiWg/ 
W4) falls below 1 . Alternatively, the softness of the plastic foam material is compromised when the ratio according to ' 
(Wi/W2)/(W3/W4) exceeds 6. 

[0121] Likewise, the molding properties of the plastic foam material are severely compromised when the residue 
formed from the plastic foam material after its extraction with xylene is either a very high or a very low percentage part 
30 of the total plastic foam material. The extraction process includes extraction with xylene at 120**C for 24 hours followed 
by drying at 80^C and 1 0 mm Hg pressure for 5 hours. Accordingly the residue should range from about 20 to about 
65 percent. The resulting dried residue is the residue left after the last step. 

[0122] The molding properties of the plastic foam material deteriorate when the swelling ratio defined below of the 
plastic foam material is either too high or too low. The swelling ratio of the plastic foam material composed of the 
35 polyolefin based resin is therefore limited to from about 30 to about 80. 

[0123] The swelling ratio of the resin is calculated from the weight (W5) of the residue while wet after xylene extraction 
at 120*C for 24 hours, and the weight (Wg) of the same residue after it was subsequently dried at 80°G under 10 mm 
Hg vacuum pressure for 5 hours. The swelling ratio is represented by formula 2, below: 

40 

Swelling ratio = FORMULA 4 



where, 

45 

W5 = Weight of wet residue after xylene extraction at 120*C for 24 hours, and 

Wg = Weight of dried residue after xylene extraction at 120**C for 24 hours followed by drying at 80*C and 1 0 mm 
Hg pressure for 5 hours. 

50 [0124] Examples embodying the plastic foam material and products derived therefrom, exemplified by a layered 
structure according to the present Invention are described below. 

Example 1 

55 (1) Preparation of a plastic foam material. 

[01 25] An ethylene-propylene copolymer containing 3.6 percent of ethylene (as the polypropylene based resin) hav- 
ing a mell index (Ml) of 0.5 g/ 10 minules was used together with a polyethylene having an apparent density of 0.920 
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g/cc and Ml of 7 g/ 10 minutes to provide a polyolefin based resin composition. A cross-linking agent exemplified by 
divinyl benzene, a foaming agent exemplified by azodicarbonamlde, a metal deactivator exemplified by methyl ben- 
zotriazole together with two antioxidants exemplified by of a 2.6-dk>butyl-p-cresol and dilauryl thiopropionate were 
added to the potyolefin based resin composition. 

[0126] 70 parts of the aforementioned polypropylene based resin, 30 parts of the polyethylene based resin, 1 .5 parts 
of the divinyl benzene, 14 parts of azodicarbonamlde, 0.3 parts of 2, 6-dl-t-butyI-p-cresol, 0.3 parts of dilauryl thiopro- 
pionate, and 0.5 parts of methyl benzotriazole were fed into a twin screw extruder PCM-87 (manufactured by Ikegai 
Tekkoshyo). The resin composition was melt kneaded at 190'C and extruded to fomi a 1 mm thick, polyolefin based 
resin sheet. 

[0127] Thereafter, the obtained polyolefin based resin sheet was cross-linked by exposure to an electron beam meas- 
uring 4.0 Mrad. The electron beam was generated by an acceleration voltage of 700 KV. After cross-linking, the cross- 
linked resin sheet was placed in a vertical, foaming oven with hot air being blown through it. 

[0128] The cross-linked, polyolefin based, resin sheet was then continuously drawn from the extruder through the 
oven heated to about 250*C wherein the foaming agent was thermally decomposes to yield a plastic foam material. 

(2) Preparation of Layered Structure 

[01 29] The surface of the plastic foam material was subjected to a pretreatment step. The pretreatment step included 
surface treating a surface of the plastic foam material by a corona discharge. The, thus obtained, surface treated foam 
material was then glued to a foreign substrate by means of a polyester based adhesive. 

[0130] Two liquid polyester based adhesives, HIBON (a polyester obtained from Hitachi Kasei Polymer KK) and 
DESMODUR R (an isocyanurate obtained from Sumitomo Bayer Urethane Co., Ltd.), were used to adhere an outer 
surface of the foam material to a foreign substrate. 



TABLE 1 







Ethylene-Propylene Copolymer 


Polyethylene 


Cross-Linking Aid 






Ethylene 
Content 
(wt %) 


Melt 
Index 
(g/10 

min) 


Amount 
Charged 
(Parts) 


Density 
(g/cm3) 


Melt 
Index (g/ 
10 min) 


Amount 
Charged 
(Parts) 


Reagent 
Code 


Amount 
Added 
(Part) 


Examples 


1 


3.6 


0.5 


70 


0.920 


7 


30 


C 


1.5 




2 


3.4 


1.5 


80 


0.935 


7 


20 


A 


2.0 




3 


3.0 


1.5 


70 


0.930 


8 


30 


D 


1.0 




4 


5.0 


1.0 


55 


0.925 


10 


45 


A 


3.0 


















B 


1.5 




5 


3.6 


0.5 


50 


0.920 


7 


50 


A 


3.5 


















B 


2.5 


Comparison 
example 


1 


3.6 


0.5 


70 


0.920 


7 


30 


C 


3.0 


2 


5.0 


1.0 


55 


0.925 


10 


45 


A 


1.0 


















B 


1.0 




2 


3.6 


0.5 


50 


0.920 


7 


50 


A 


0.5 


















B 


0.5 


A = Trimethyl propane trimethacrylate; 
B = 1 ,9-Nonanediol dimethacrylate; 
C = Divinyl benzene 
D = 1 .2.4-Triallyl trimellitate 



(hereinafter referred to as "skin material"). The skin material was 0.65 mm thick. The outer layer a/k/a skin material 
contained at least one of a polyvinyl chloride resin and an aciylonitrile-butadlene-styrene copolymerized resin. 
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Examples 2 - 5 and Comparison examples 1-3 

[0131] Numerous plastic foam materials and layered structures encompassing the various plastic foam materials 
were prepared using the predetermined amounts of ethylene-propylene copolymers, polyethylene, and cross-blinking 
agents in accordance with Table 1 . The resin sheets were irradiated with. electron beams whose dosages as shown in 
Table 2. 



Table 2 



(Unit = Mrad) 




Example 


Comparison example 


1 


2 


3 


4 


5 


1 


2 


3 


Amount of Radiation by Electron Beam 


4 


3.8 


4.5 


2 


1.5 


2 


3 


1 



(1) Evaluation of a Plastic foam material 

[0132] The piastic foam material was extracted with xylene at 1 20'*C and evaluated by percentage of residues after - 
the extraction, together with percentage of cross-linked portion of polypropylene and percentage of cross-linked portion 
of polyethylene in the residues. The results are shown In Table 3. 

[0133] The percentage of cross-iinked portion of polypropylene and the percentage of cross-linked portion of poly- 
ethylene in the residues were determined by gas chromatography, using a hydrogenation and thermodecomposition 
technique. The residue obtained from xylene extraction was thennally decomposed at 700**C. Hydrogen gas was then 
Introduced to hydrogenate the thermally decomposed gas. The hydrogenated gas was finally analyzed by a G-6800 
gas chromatograph (a hydrogenation type gas chromatograph manufactured by Yanagimoto Seisakusho KK). 
[01 34] In addition, the resultant plastic foam materials were subjected to tensile testing in accordance with Japanese 
Industrial Standard (JIS) K 6767 procedure, The results of the elongation obtained at 80* 0. 120*C, 140**C, and 160*C 
are shown in Table 4. 

(2) Evaluation of Layered Structures molded from the plastic foam material 

[0135] The various layered structures were then evaluated for their respective appearances. The molding properties 
of the various layered structures were also evaluated by means of a "H/D value", while adherence between the plastic 
foam material and the skin material was evaluated by measuring peeling strength. The results are shown in Table 5. 
[0136] In Table 5, an "o" for the appearance result Indicates that no swelling, shrinking, rough surface or the similar 
was observed. However, if any of these phenomena was observed, an "x" was entered. 

[01 37] The H/D value was obtained by the following measurements: each layered structure was heated by an infra- 
red heater to raise the temperature of the surface layer of the plastic foam material to 1 50-1 60**C. The layered structure 
was then vacuum molded into a cylinder with a diameter of 100 cm by means of a mold. The maximum depth (H) and 
the diameter (D) of each molded cylindrical body was obtained at a point just prior to their rupture. Thereafter, a H/D 
ratio of each respective cylindrical body was measured and recorded. 

[0138] The peeling strength was measured by the following procedure. A 25 mm wide, 1 00 mm long specimen was 
first cut from the layered structure. The specimen was placed in AUTOGRAPH model DCS-5000 (manufactured by 
Simadzu) and kept for 5 minutes at 20''C or 120**C. The peeling strength (Kg/25 mm) was measured at a time when 
the outer layer was peeled off. 
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TABLE 3 





(Unit 


= Weight %) 






Residue After Xylene Extraction at 120*" 




Percentage Residue 


Cross- Linked Portion of 
Polypropylene 


Cross-Linked Portion of 
Polyethylene 


Example 


1 


39 


78 


22 




2 


42 


84 


16 




3 


40 


80 


20 




4 


43 


68 


32 

. t 




5 


39 


74 


26 


Comparison example 


1 


37 


97 


3 




2 


41 


52 


48 




3 


19 


44 


56 ' 



20 



TABLE 4 



35 





Elongation of Plastic Foam Material 


80 C** 


120 C 


140 C*» 


160 C 


Example 


1 


520 


690 


440 


240 


2 


650 


720 


500 


280 


3 


600 


700 


480 


260 


4 


490 


630 


390 


210 


5 


530 


680 


420 


230 


Comparison examples 


1 


480 


590 


400 


200 


2 


500 


510 


350 


180 


3 


490 


510 


270 


120 



TABLE 5 







Appearance 


Fonnability 


Peeling Strength (Kg/25 mm) 








H/D Value 


20'»C 


120'C 


Example 


1 


0 


1.1 


5.6 


0.59 




2 


O 


1.2 


5.9 


0.66 




3 


O 


1.2 


5.8 


0.62 




4 


o 


1.0 


5.3 


0.52 




5 


0 


1.1 


5.4 


0.67 


Comparison examples 


1 


X 


0.5 


1.6 


0.27 




2 


X 


0.5 


4.8 


0.35 




3 


X 


0.3 


1.2 


0.18 



55 

Examples 6 - 9 and Comparisons examples 4-9 



[0139] Using the predetemiined amounts of ethylene-propylene copolymer polyethylene, and cross-linking agent 
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, shown in Table 6, together with 13 parts of azodicarbonamide and the radiation dosage of the electron beam shown 
in Table 7, numerous plastic foam materials and derived layered structures were obtained in accordance with the 
procedure previously described in example 1 with the exception that a single screw extruder was used Instead of a 
twin screw extruder. 

5 ' • ' 

(1) Evaluation of a Plastic foam material 

[0140] The plastic foam material including structured layers containing the plastic foam material were extracted with 
xylene at,120"C and evaluated. The evaluation including determining the weight percent of residue after the extraction, 
10 together with the ratio W^/Wg of the weight of the cross-linked portion of polypropylene (W-,) and the weight of the 
cross-linked portion of polyethylene (Wg) in the residue, and the ratio W3/W4 of the weight of the polypropylene based 
resin (W3) and the weight of the polyethylene based resin (W4) before cross-linking, and the overall ratio (W^/W2)/(W3/ 
W4). First, the ratio W^/W2 and the ratio V\/^j^ were calculated. The ratio (W^/W2)/(W3/W4) was then calculated and 
the results are shown in Table 8. 

IS 

(2) Evaluation of Layered Structures molded from the plastic foam material 

[0141] The thus obtained layered structures were then evaluated for their respective appearancesf The m'bidihg ~ 
properties of the various layered structures were also evaluated by means of a "H/D value", white adherence between 
20 the plastic foam material and the skin material was evaluated by measuring peeling strength. The appearance of the 
layered structure was observed and evaluated. The molding properties of the resin composition and adherence between 
the plastic foam material and the outer layer were measured in accordance with the procedure outlined In examples 
1-5. The results are shown in Table 9. 

[01 42] It seems clear from the test results that the plastic foam material of the present invention including its derived 
25 products exhibit superior molding properties together with superior adhesive properties. The molded structure and 
products derived from the plastic foam material of the present invention therefrom encompassing the plastic foam ** 
material of the present exhibit superior appearance and do not appear swollen , wrinkled or plagued by any other surface 
deformities.. 



30 TABLE 6 



35 





Ethylene Propylene Copolymer 


Polyethylene 


Cross-Linking Aid 


Ethylene 
Content 
(wt%) 


Melt 
Index 
(g/10 
min) 


Amount 
Charged 
(Parts) 


Density 
(g cm3) 


Melt 
Index (g/ 
10 min) 


Amount 
Charged 
(Parts 


Reagent 
Code 


Amount 
Added 
(Part) 


Example 


6 


3.0 


1.5 


80 


0.935 


7 


20 


C 


3.0 


7 


3.6 


0.5 


60 


0.935 


7 


40 


A 


2.5 


8 


5.0 


1.0 


70 


0.925 


10 


30 


D 


4.0 


9 


3.4 


1.0 


70 


0.930 


8 


30 


A 


1.5 


B 


1.5 


Comparison 
examples 


4 


3.0 


1.5 


80 


0.935 


7 


20 


C 


1.0 


5 


3.6 


0.5 


60 


0.935 


7 


40 


A 


10 , 


6 


3.6 


0.5 


60 


0.935 


7 


40 


A 


6.0 


7 


5.0 


1.0 


70 


0.925 


10 


30 


D 


1.6 


8 


3.0 


1.5 


80 


0.935 


7 


20 


C 


3.0 


9 


3.0 


1.5 


80 


0.935 


7 


20 


C 


1.0 


A = Trimethyl propane trimethacrylate 
B = 1 ,9-Nonanediol dimeth aery late 
C = Divinyl benzene 
D = 1 ,2,4-Triallyl trimellitate 
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Table 7 







(Unlt = 


Mrad) 


















Example 


Comparison 




6 


7 


8 


9 


4 


5 


6 


7 


8 


9 


Amount of Radiation by Electron Beam 


3 


2.5 


1.8 


2.6 


5.5 


6 


1.5 


7 


7 


1 



10 

TABLE 8 







Reside After Xylene Extraction at 120*C 


Percentage Residue (Weight %) 


W1/W2 


W3W4 


(W3/W4) 


Example 


6 


44 


4.56. 


4.00 


1.14 


7 


38 


4.55 


1.50 


3.04 


8 


39 


4.88 


2.33 


2.10 


9 


32 


3.55 


2.33 


1.52 


Comparison examples 


4 


42 


1.38 


4.00 


0.35 


5 


40 


0.72 


1.50 


0.48 


6 


41 


16.7 


1.50 


10.5 


7 


43 


1.27 


2.33 


0.65 


8 


89 


3.17 


4.00. 


0.79 


9 


18 


4.56 


4.00 


1.14 


= Weight of cross-linked portion of polypropylene In residue 
Wg = Weight of cross-linked portion of polyethylene In residue 
Wg = Weight of polypropylene based resin before cross-linking 
. W4 = Weight of polyethylene based resin before cross-linking 



35 

TABLE 9 





Appearance 


Fomriability 


Peeling Strength (Kg/25 min) 






H/D Value 


20**C 


120*»C 


Example 


6 


0 


1.1 


5.3 


0.54 




7 


0 


1.0 


6.1 


0.49 




8 


0 


1.2 


5.9 


0.62 




9 


0 


1.4 


5.4 


0.60 


Comparison examples 


4 


X 


0.3 


1.4 


0.18 




5 


X 


0.2 


1.3 


0.18 




6 


X 


1.1 


4.2 


0.40 




, 7 


X 


0.4 


1.0 


0.21 




8 


X 


0.3 


5.2 


0.16 




9 


X 


0.2 


1.3 


0.09 
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, Example 10 

(1 ) Preparation of a plastic fbam material < 

5 [0143] A resin composition, containing, 60 parts by weight of a polypropylene based resin, 40 parts by weight of a 
polyethylene based resin, 3.5 parts by weight of divinyl benzene, 13 parts by weight of azodicarbonamide, 0.3 parts 
by weight of 2, 6-di-t-butyl-p-cresol, 0.3 parts by weight of dilauryi thiopropionate, and 0.5 parts by weight of methyl 
benzotriazole was introduced into a twin screw extruder PCM-SO (manufactured by Ikegai Tekkoshyo). 
[0144] The polypropylene based resins Included an ethylene-propylene copolymer contained 3.6 weight percent of 

10 ethylene. The polypropylene based resin further Included a molecular weight of 4.7 x 1 0^ and a melt index (Ml) of 0.5 
g/ 10 minutes. 

[0145] The polyethylene based resins had a density of 0.920 g/cc and a Ml of 7 g/ 1 0 minutes. Divinyl benzene was 
employed as a cross-linking agent to aid in cross-linking the various compounds, while azodicarbonamide was used 
as a foaming agent, and the methyl benzotriazole was employed as a metal deactivator. 2,6-dl-t-butyl-p-cresol and 
IS dilauryi thiopropionate were used as antioxidants. 

[0146] The resin composition was melt kneaded at 190*C to yield a polyolefin based, plastic foam material which 
was then extruded to form a 1 mm thick plastic foam material sheet. 

[0147] The plastic foam material sheet was Irradiated with a 2.5 Mrad electron beam to provide a'cross-linked, poly- 
olefin based, plastic foam material sheet. The electron beam was generated by an acceleration voltage of 700 KV. 
20 [0148] The, thus formed cross-linked, polyolefin based, plastic foam material sheet was finally placed in a vertk^al, 
foaming oven through which hot air was blown constantly. 

[0149] The step of placing the cross-linked, polyolefin based plastic foam material sheet in the oven at 250*C aided 
in the formation of the plastic foam material of the present invention. 

25 (2) Preparation of Layered structure derived from the plastic foam material 

[0150] To prepare a layered structure encompassing the plastic foam material of the present invention, initially a 
surface of the thus fornied plastic foam material was pre-treated by corona discharge. 

[0151] Thereafter, a polyester based adhesive containing at least two liquids, exemplified by HIBON (a polyester 
30 obtained from Hitachi Kasei Polymer KK) and DESMODUR R (an isocyanurate obtained from Sumitomo Bayer Ure- 
thane Co., Ltd.), was applied to the pre-treated surface of the plastic foam material. Then, an outer layer composed 
of at least one of a polyvinyl chloride resin and an acrylonitrile-butadiene-styrene copolymerized resin was applied to 
a thickness of about 0.65 mm onto the adhesive coated, pre-treated surface of the plastic foam material. 

35 Examples 11 -15 

[0152] For examples 11 - 14, numerous plastic foam materials including layered structures derived therefrom were 
prepared. The plastic foam material and layered structures were formed utilizing the predetermined amounts of ethyl- 
ene-propylene copolymer, polyethylene, and cross-linking agent in accordance with Table 10. Plastic foam materials 
40 and the various layered stmctures were irradiated with electron beams in accordance with the dosages shown in Table 
12. 



TABLE 10 





Example 


10 


11 


12 


13 


14 


15, 


, Ethylene-Propylene 
Copolymer 


Ethylene Content (Wt %) 


3.5 


6 


8 


9 


9 


9 


Weight Average Molecular 
Weight (X IQS) 


4.7 


3.4 


4.6 


4.3 


4.3 


4.3 


Ml (g/10 minutes) 


0.5 


1.8 


0.8 


1.0 


1.0 


1.0 


Amount Charged (Part) 


60 


60 


70 


80 


80 


80 



55 
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TABLE 10 (continued) 





Example 


10 


r11 


12 


13 


14 


15 


Polyethylene 


Weight Average Molecular 
Weight (X 10*) 


5.5 


3.8 


4.6 


4.4 


4.4 


4.4 


Ml (g/1 0 minutes) 


7 


7 


8 


14 


14 


14 


Density (g/cm^) 


0.920 


0.918 


0.918 


0.925 


0.925 


0.925 


Amount Charged (Part) 


40 


40 


30 


20 


20 


20 


Cross-linking agent 


Reagent Code 


A 


A 


A 


C 


D 


B 


Amount Added (Part) 


3.5 


4.0 


4.0 


2.0 


4.0 


2.5 


A = Divinyl benzene; 
B = Trimethylol propane trimethacrylate; 
C = Tri allyl trimellitate; 

D = (Vlixture of B and 1 .9-nonanediol dimeth aery late (1 :1). 




TABLE 11 j 




Comparison examples 


10 


11 


12 


13 


Ethylene Propylene Copolymer 


Ethylene Content (Wt %) 


3.5 


4.0 


6.0 


2.0 


Weight Average Molecular Weight (X 10^) 


4.7 


2.0 


4.0 


2.8 


Ml (g/1 0 minutes) 


0.5 


3.0 


1.8 


0.6 


Amount Charged (Part) 


60 


65 


35 


65 




Weight Average Molecular Weight (X 1 0^) 


5.5 


4.2 


4.4 


2.8 


Polyethylene 


Mr(g/10 minutes) 


7 


10 


10 


10 




Density (g/cm^) 


0.920 


0.926 


0.918 


0.914 




Amount Charged (Part) 


40 


35 


65 


35 


Divinyl benzene (Part) 


3.5 


2.5 


2.5 


3.0 
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Example 15 

55 [0153] Using predetermined amounts of ethylene-propylene copolymer, polyethylene, and cross-linking agent as 
shown in Table 10, together with the predetermined radiation dosages of the electron beam as shown In Table 12, a 
cross-linked, polyolefin based, plastic foam material and a sheet containing the plastic foam material was obtained. 
The method used lo prepare the plastic foam malerial and sheet was similar to the process outlined in example 10. 
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. [0154] The cross-linked, polyolefin based, plastic foan^ material based resin sheet was then placed In a vertical, 
foaming oven with hot air blowing through it. ' 
[01 55] The cross-linked, polyolefin based, plastic foam material based resin sheet was continuously drawn.f rom the 
extruder through the foaming oven at 230*C to provide a continuous sheet of plastic foam material of the present 
Invention, , 

[01 56] Thereafter, a layered structure containing the thus formed plastic foam material body was obtained by a p/oc- 
«ess similar to example 10. 

Comparison examples 10-13 

[0157] Predetemilned amounts of ethylene-propylene copolymer, polyethylene, and divinyl benzene as shown In 
Table 1 1 were used to fomn various plastic foam materials and their derived layered structures. The plastic foam material 
and layered structures were Irradiated with an electron beam in accordance with the dosages shown in Table 12. 

(1) Evaluation of the resulting plastic foam material and layered structures 

[01 58] Apparent densities of the various plastic foam materials and layered structures, exemplified by examples 1 0 
- 1 5 and comparison examples 1 2 - 15 were measured. 

[0159] After extraction with xylene at 120*C for 24 hours, followed by drying at 80»C in a vacuum of 10 mm Hg 
pressure for 5 hours, the resulting residue was evaluated and the swelling ratio was calculated. 
[0160] The results are Illustrated In Tables 13 and 14. 

(2) Evaluation of the layered structures derived from the various plastic foam materials 

[01 61 ] The layered structures obtained in accordance with examples 1 0 - 1 5 and comparison examples 10-13 were 
observed and evaluated for their overall appearance. Strength and molding properties were also evaluated by deter- 
mining their respective H/D ratios. The results are shown in Tables 15-16. 

[0162] In Tables 15 and 16, an "o" in the appearance column Indicates a smooth surface i.e., the absence of swelling 
and shrinkage. Alternatively, V indicates the opposite. 

[0163] The H/D value was obtained In the following manner. The layered structure was heated by an infra-red heater 
such that the temperature of the surface layer of the plastic foam material reached about 150°C to about 160*C.. 
Thereafter, the layered structure was vacuum molded into a cylinder measuring about 100 cm in diameter. The max-* 
imum depth a sample achieved without its rupture was detennined. 

[01 64] The maximum depth (H) and the diameter (D) of the molded cyllndrkjal structure was measured. Thereafter, 
the ratio of H/D was calculated based upon the thus obtained (H) and (D) values. 

Examples 16 

[0165] The plastic foam material for this example contained a polypropylene based resin having a melt index (Ml) 
of 0.5 g/ 10 minutes and a polyethylene based resin having a melt index (Ml) of 10.0 g/ 10 minutes. The ratio of the 
melt shear viscosity of polypropylene and polyethylene (^tg) was recorded at no more than 3.7. This value was 
obtained by measuring ji^ and together at a temperature ranging from about 180 to about 220"C with a shear rate 
of 80 to 800 per second (s'^). 

[0166] The poiyoiefin based resin composition further included a cross-linking agent such as divinyl benzene, a 
foaming agent such as azodicarbonamide, a metal deactivator exemplified by methyl benzotriazole and two antioxi- 
dants such as 2,6-dl-t-butyl-p-cresol and dilauryl thiopropionate. 

[0167] In accordance with the values shown in Table 17, a polyolefin based resin composition was prepared con- 
taining from about 60 parts by weight of the aforementioned polypropylene based resin, together with 40 parts by 
weight of the polyethylene based resin, 1 3 parts by weight of azodicartjonamide, 2.5 parts by weight of divinyl benzene, 
0.3 part by weight of 2, 6-dl-t-butyl-p-cresol, 0.3 part by weight of dilauryl thiopropionate, and 0.5 part by weight of 
methyl benzotriazole. The thus fomied polyolefin based resin composition was then mixed and extruded by means of 
a twin screw extruder at 1 90*C to forni a 1 mm thick polyolefin based resin sheet. 

[0168] The thus formed polyolefin based resin sheet was irradiated with a 3.0 Mrad electron beam to form a cross- 
linked, polyolefin based resin sheet. 

[01 69] The resulting cross-linked, polyolefin based resin sheet was placed in an oven at 250*»C for 5 minutes without 
load to forni foam. Thereafter, a 3.2 mm thtek. plastic foam material with an apparent density of 0.050 g/cm^ was 
obtained. 

[0170] The gel fraction of the thus formed plastic foam material was delermined to be 38 percent. Refer to Table 17. 
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The gel fraction is used to indicate the degree of cross-linkage and is expressed by the percentage of the residue 
obtained after extraction with xylene at 120°C. 

[0171] To measure the residue resulting from the xylene extraction, about 0.1 g of the plastic foam material was 
immersed in 50 mi of xylene and kept there at 1 20^C for 24 hours. This effectively dissolved the uncross-linked portion 
5 of the foam material. The contents of the container were then poured through a 200 mesh screen to effectively separate 
the residue from solution. The resulting residue retained by the screen was collected, dried at 80*^C and 10 mm Hg 
pressure for 5 hours, and weighed. 

[0172] The amount (weight percentage) of the resulting residue was calculated by utilizing the aforementioned for- 
mula 3, 
10 wherein 

Residue (weight percent) = (b/a) x 1 00 FORMULA 3 

IS where, 

- - a equals initial weight.of the sample plastic foam material (gram) _ j 

b equals weight of the dried residue collected (gram) 

20 [0173] A surface of the plastk; foam material sheet of the polyolefin based resin was then pre-treated by corona 
discharge. Using a polyester based adhesive, the pre-treated surface was coated with a commercially available impact- 
resistant mixed resin sheet to form a layered structure. (The impact-resistant mixed resin sheet Is also referred to as 

a skin material). 

[0174] The commercially available impact-resistant mixed resin sheet was 0.65 mm thick and contained at least one 
25 of a polyvinyl chloride resin and ABS (acrylonitrile-butadiene-styrene copolymerized) resin. 

[01 75] The layered structure was then vacuum molded. The vacuum moldability and appearance are shown Table 1 7. 

[0176] During vacuum molding, the layered structure containing the plastic foam material of the present Invention 

was heated by an infra red heater until the temperature of its surface ranges from about 150**C to about 160*^C. 

[0177] To determine the maximum depth (H), the layered structure was vacuum molded in a mold having a cylindrical 
30 indentation measuring 100 mm in diameter and 150 mm deep. The maximum depth (H) achieved without rupture of 

the molded cylindrical body was obtained along with its diameter (0). The ratio H/D was calculated and used to evaluate 

the vacuum moldability. 

[0178] A high H/D value indicates that the layered structure exhibits superior vacuum moldability. 
[0179] Appearance of the vacuum molded cylindrical body was noted and the results are reported In Table 17. An 
35 "o" indicates that the cylindrical body was smooth surfaced and did not exhibit any breakage, swelling or indentation 
In Its appearance. On the other hand, "x" Indicates the opposite, i.e. deformed cylindrical bodies. 

Examples 17-20 and Compariison examples 14-17 

40 [0180] With the predetemnined component amounts, a cross-linked, polyolefin based resin sheet and a layered struc- 
ture derived therefrom was obtained containing specified amounts of a polypropylene based resin, a polyethylene 
based resin, cross-linking agent, and radiation of electron beam in accordance with 



45 



50 



55 



23 



EP 0 704 476 B1 



o 

N 

i 

§ 


o 


1 

1 




1 
I 

o I ; 

1 


s8 

5 O 


80/20 
190 
120 

14O0O 
7O0O 
2.0 


s 




5 0 2 


f 
« 

LU 


in 
d 




1 
1 

» 1 § p 
! S? 

1 


1 

» 




o 


5 0;- 


Example 18 


6 


aS 

o o 
o 

g N 


f 

i * o 

1 

.. i 


j 

^ O O 1 o S to 

S cf> <© 1 9 2 S 

i 
i 


s 

< 


o 
{6 


s 0 5 


Example 17 






i 

i s • 

i 


1 

i 

i 


OS 




0 2 


"5. 

§ 

H 

UJ 


d 


1 O 

la 


O 


D 


1 

1 

i 

1 

\ 


i 


o 


s 0 :• 




o 

H 

I 

s 

1 

1 
1 

! 


> 
3 

c 
c 

i 

J 

a 


; 

L 

li 

i 
t 

» 


E 
g 

1 

a 


fi 

i 

I 

J 


1 

fi 
\ 

I 

!| 


i 
1 

1 

t 
1 

1 

1 

1 

! 
1 

0 ■ 
« p 1 

1^1' 

5 Is -5^ ^ 

£ H W ! ^ 5. 3k 


1 

< 

c 

1 


f 
s 

S 

'"5 

1 
1 


t 

i 8 

I i 

II S 5 

U < X 




a. tu 



55 



24 



EP 0 704 476 B1 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



CO 



C m 



d 



i ^ 



s o 



gs 

to <s 



is 



CO 

« 



1§ 



8 



1 



1 » 
I *• 

i s 

j 
i 



S o 



1 o 



e i 



I 



o 

C " 
T 



Ui 



j 



Uj ? o • g ig le 



t 

I 

S o o i goo 



s S' i o «> 
2-1 Si5^ 



o 



j 

^ i 

Li 



fc III 
S H (/> ! 



IT) 



a e 

< X 



55 



Tables 17-18. The plastic foam material based sheet and resulting foam material were obtained by a process similar 
to the one disclosed in example 1 6. 

f0181] Gel Iraction and resin dispersion values of the plaslic loam malerial were measured using the procedure 
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described in example 1 6. In determining resin dispersion, the average dispersion phase area was measured when the 
dispersion phase consisted of polyethylene. 

[0182] The appearance and the vacuum moldability of the layered structure were also evaluated following the pro- 
cedure outlined previously in example 16. All the results obtained are shown in tables 17-18. 
[0183] In tables 17-18, polypropylene is designated "PP". while polyethylene is designated "PE". The temperature 
and the shear rate reflect the values of maximum (hi)/(h2). Divinyl benzene is represented by "DVB", while triallyl 
trimellitate is identified by the letters TRIAM", and trimethylolpropane trimethacrylate is represented by "TMPT". 
[0184] It seems clear that the layered structures made from the plastic foam material made in accordance with the 
processes outlined in examples 1 6 - 20 (according to the present invention) exhibit superior appearance and vacuum 
moldability with a ([iiVCM smaller than about 4.0, while the plastic foam material obtained in accordance with com- 
parison examples 16-19 exhibit poor appearance and vacuum moldability with a (^i)/(n2) 'arger than about 4.5. 

Example 21 

[0185] A polyolefin based resin composition for fomning a plastic foam material and layered structures derived there- 
from according to this example included 60 parts by weight of a polypropylene based resin with a melt Index (Ml) of 
0.5 g/ 1 0 minutes, 40 parts of polyethylene based resin having a melt index (Ml) of 4.0 g/ 10 minutes together with 13 
parts by weight of a foaming agent such as azodicarbonamide, 3.5 parts by weight of a cross-linking agent such as 
divinyl benzene, 0.3 parts by weight of antioxidants such as 2, 6-di-t-butyl-p-cresol and dilauryl thiopropionate. and 
0.5 part weight of a metal deactivator such as methyl benzotriazole. Refer to Table 19. 

[0186] The resulting polyolefin based resin composition was placed in a twin screw extruder and extruded at 1 90'C 
to fomri a 1 mm thick, polyolefin based resin sheet. ' 
[0187] The polyolefin based resin sheet was subsequently radiated by a 3.0 Mrad electron beam to form a cross- 
linked, polyolefin based resin sheet 

[0188] The thus obtained cross-linked, polyolefin based resin sheet was placed in an oven at 250"'C for 5 minutes 
without load to effectively yield a plastic foam material. 

[0189] The plastic foam material was molded to form a 3.2 mm thtek plastic foam material structure having an ap- 
parent density of 0.050 g/cm^. 

[01 90] The gel fraction of the plastic foam material is shown in Table 1 9. The procedure to measure the gel fraction 
value was similar to the procedure utilized in example 16. 

[01 91] The amount of the residue remaining after extraction with xylene was cateulated in accordance with formula 3. 
[0192] Additionally, the plastic foam material was dyed with RUO4 and cross-section slices were analyzed by means 
of a TEM (transmission electron microscope). The micrograph was analyzed for determining the rate of dispersion of 
the plastic foam material together with the average area of the dispersion phase. The results are shown in Table 1 9. 
[0193] The amount (in percentage) the plastic foam material elongates, was measured using a TENSILON UCT 500 
model, manufactured by Orientec 
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Corporation. The measurements were effectuated at 160**C in accordance with the procedure outlined in JIS K6767. 
[0194] Several sampleF of the plastic foam material with varying average area? of the dispersion phase were oh- 
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tained. The varying average areas of the dispersion phase was calculated in response to addition of varying amount 
of cross-linking agents and irradiation with varying dosage of the electron beam. The aforementioned samples were 
measured to determine the percentage of elongation, if any, at 160"C, The value representing percentage of elongation 
was then plotted against the con-esponding average areas of dispersion phase of the respective samples. 
[0195] It is abundantly clear from figure 1 , that percentage of elongation was high, i.e., at about 300 to 400 percent, 
when the average area of the dispersion phase was smaller than 3 [im^. Alternatively, the percent change in elongatiori 
was small, i.e. 1 00 percent when the average area of dispersion phase exceeded 3 \un^. 

[0196] A top surface of the thus obtained sheet of a polyolefin based resin was pre-treated by corona discharge. 
With the aid of a polyester based adhesive, the pre-treated surface was glued to a commercially available impact- 
resistant mixed resin sheet (skin material) to fonri a layered structure. The outer layer measured about 0.65 mm in 
thickness and was composed of at least one of polyvinyl chloride resin and acrylonitrile-butadiene-stvrene cooolvm- 
erized (ABS) resin. j vk y 

[0197] Thereafter, the layered structure was vacuum molded, followed by inspection of the thus obtained layered 
structure. The step before vacuum molding involved heating the layered structure containing the plastfc foam 'material 
by an infra-red heater until its surface temperature reaches 150*C to 160*C. 

[0198] To detennine the moldability of the layered structure, the layered structure was vacuum molded In a mold 
having a cylindrical indentation measuring 100 mm in diameter and 150 mm deep. The maximum depth (H) of the 
molded cylindrical body (without its rupture) was measured along with a diameter (D) of the cylindrical body. The ratio 
H/D was calculated and used to evaluate the vacuum moldability. ' 
[0199] A high H/D value indicates that the layered structure exhibits superior vacuum moldability. 
[0200] Thereafter, the molded cylindrical body was inspected visually for appearance of deformities, if any on Its 
surface. The results of the visual inspection are reported In Table 19. An "o" Indicates the lack of any defomiities on 
the surface of the layered structure, while an "x" indicates the opposite. 

Examples 22 - 24 and Comparison examples 18-22 

[0201] To form a plastic foam material and a layered structure composed of the same material, for this experiment, 
a polyolefin based resin composition containing the various components in accordance with Table 19 were mixed. 
[0202] For this example, a polyolefin based resin composition together with a cross-linked, polyolefin based resin 
sheet, a plastic foam material and a layered stmcture containing the plastic foam material were formed In accordance 
with the procedure outlined In example 21 . The specified contents of the various components are illustrated in Table 
19, together with the dosage of the electron beam. 

[0203] The gel fraction, the resin dispersion condition of the plastic foam material were measured in accordance with 
the procedure outlined in example 21 . 

[0204] In determining the dispersion of the polyethylene resin dispersed in the polypropylene resin matrix of the 
plastic foam material, the average dispersion phase area was measured when polyethylene was the dispersion phase. 
The appearance and the vacuum moldability of the layered body were also evaluated using the same procedure de- 
scribed in example 21 . All the results obtained are shown in Table 19, 

[0205] It seems clear that the layered structures composed of the plastic foam material according to examples 20 - 
24 are superior in appearance and exhibit improved vacuum moldability as indicated by a specified H/D value which 
Is larger than 1 .0, while the plastic foam material produced in accordance with comparison examples 1 8 - 22 exhibited 
a poor appearance and inferior vacuum moldability wherein H/D value are smaller than 0.5. 

[0206] Other alternatives would fall within the scope of the invention. For example, any process which permits cross 
linking to be substantially completed before activating the foaming action should be considered part of the present 
invention. That is, for example, another process than thermodecomposition may be employed to trigger foaming. In 
one altemative, cross linking and foaming may be accomplished by the same stimulus, and beginning at the same 
time, but at different rates. That is, cross linking is substantially completed before foaming is well advanced. 



Claims 

1 . A plastic foam material composed of an polyolefin based resin composition, comprising, in weight percent: 

■ from 40 to 95 weight percent of polypropylene based resins having a melt flow Index of 0,05 - 1 2 g/1 0 min; 
- from 5 to 60 weight percent of polyethylene based resins having a melt flow index of 2 - 50 g/1 0 min; 

characterized in that: 
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said plastic foam material including from 20 to 65 weight percent of a cross linked portion and having a density 
of 0,02 - 0,2 g/cm^, 

said cross linl<ed portion includes from 55 to 95 weight percent of a cross linl<ed polypropylene land from 5 to 
45 weight percent of a cross linked polyethylene. 

2. The plastte foam material according to claim 1 wherein said polypropylene based resin further includes at least 
one member selected from the group consisting of a polypropylene and a copolymer of propylene and an a-olefin 
other than propylene. 

3. The plastic foam material according to claim 1 , wherein said polypropylene based resin further includes an anti- 
oxidant. 

4. The plastk; foam material according to claim 1 , wherein said polypropylene based resin has a molecular weight of 
from 2.5x1 05 to 6.0x10* 

5. The plastic foam material according to claim 1 . wherein a relative extent of polypropylene cross linking to polyeth- 
_ _ yiene cross linking in said crpss^linked portion, in_weight percent, Js expressed by the following ratio: 

i 

(Wi/W2)/(W3/W4), 

where 

Wi is the weight of a cross linked portion of said polypropylene; 
W2 is the weight of a cross-linked portion of said polyethylene; 
W3 is the weight of said polypropylene based resin; 
W4 is the weight of said polyethylene based resin; and . 

said ratio is from about 1 to about 5. 

6. The plastic foam material according to claim 1, further includes a swelling ratio of from 30 to 80, wherein said 
swelling ratio is expressed as: 



Swelling ratio = — ^ 



where 

W5 = Weight of wet residue after xylene extraction at 120''C for 24 hours, and 

Wfi = Weight of dried residue after xylene extraction at 120**C for 24 hours followed by drying at 80"C and 10 
mm Hg pressure for 5 hours. 

7. The plastic foam material according to claim 1, further includes a continuous phase polypropylene based resin 
matrix having a dispersion phase polyethylene based resin dispersed in said continuous phase. 

8. The plastic foam material according to claim 7, wherein said dispersed phase has an average cross sectional area 
of no more than 4.0 ^i^m. 

9. The plastic foam material according to claim 1 , wherein said polyethylene based resin further includes at least one 
member selected from the group consisting of polyethylene, a copolymer of ethylene and an a-olefin other than 
ethylene, a copolymer of ethylene and an acrylic acid, a copolymer of ethylene and a methacryllc acid, a copolymer 
of ethylene and a low molecular weight alkyi ester of an acrylic acid, a copolymer of ethylene and a low molecular 
weight alkyI ester of a methacryllc acid, and a copolymer of ethylene and vinyl acetate. 

10. The plastk; foam material according to claim 1, wherein a melt shear viscosity of said polyethylene based resin 
(jig) being from 2,000 to 10,000 poises at a temperature of 180 to 220''C at a shear rate of from about 80 to about 

800 per second. 
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11. The plastic foam material according to claim 1 . wherein a melt shear viscosity of said polypropylene based resin 
ftii) being from 4,000 to 30,000 poises at a temperature of 1 80 to 220*»C at a shear rate of from 80 to 800 per second. 

12. The plastic foam material according to claim 1 further Includes a cross-linking agent. 

13. The plastic foam material according to claim 1 further includes a thennodecomposition foaming agent. 

14. The plastic foam material according to claim 12, wherein said cross-linking agent further Includes at least one 
member selected from the group consisting of divinyl benzene, ethyl vinyl benzene, trimethylol propane triacrylate, 
1,6-hexanediol diacrylate, 1 ,9-nonanediol diacrylate, 1,10-decanediol diacrylate, trimethylol propane trimethacr- 
ylate, 1 ,6-hexanediol dimethacrylate, 1 ,9-nonanediol dimethacrylate, 1 ,1 0-decanediol dimethacrylate, 1 ,2,4-triallyl 
trimellitate, and trlallyl isocyanurate. 

1 5. The plastic foam material according to claim 1 4, wherei n said cross-lin king agent is a multi-functional monomer; and 

said multifunctional monomer includes at least two members selected from the group consisting of vinyl, acry- 
loyl, methacryloyi, and allyl compounds. 

t 

16. The plastK foam material according to claim 13, wherein said foaming agent is an azodicarbonamide compound. 

17. The plastic foam material according to claim 16, wherein said azodlcariDonamide is at least one member selected 
from the group consisting of 1,1-azobisformamide, benzene sulfonyl hydrazide, dinitrosopentamethylene'te- 
tramine, toluene sulfonyl hydrazide. and 4,4-oxybis(benzene sulfonyl hydrazide). 

18. A plastic foam material composed of an polyolefin based resin composition comprising: 

from 40 to 95 weight percent of polypropylene based resin having a melt flow index of 0,05 - 1 2 g/1 0 min and 
containing from about 2 to about 15 weight percent of ethylene; 

from 5 to 60 weight percent of a polyethylene based resin having a melt flow index of 2 - 50 g/1 0 min; said 
piastic foam material further includes from 20 to 65 weight percent of a cross linked portion and has a density 
of 0.02 - 0,2 g/cm3; 

said cross linked portion consists of from 55 to 95 weight percent of a cross linked polypropylene and from 5 
to 45 weight percent of cross linked polyethylene. 

19. A method for preparing a plastic foam material comprising the steps of: 

mixing from 40 to 95 weight percent of polypropylene based resins and from 5 to 60 weight percent of a 
polyethylene based resins together with a cross-linking agent and a foaming agent to form a resin composition; 
extruding said resin composition to form a resin sheet: 

exposing said sheet to an ionizing radiation source to fomi a cross-linked resin sheet, 
whereby a dosage of said ionizing radiation source is from 1 .0 to 6.0 Mrad and said polypropylene based 
resin has a melt index of from 0,5g/1 0 minutes to about 1 2g/1 0 minutes and the polyethylene based resin 
has a melt index of from 2g/ 10 minutes to about 50g/10 minutes; and 

heating said cross-linked resin sheet to fornn a plastic foam material having a density of 0,02 - 0,2 g/cm^, 
said method being characterized In that: 

the exposure to said ionizing radiation source is being continued until a cross linked portion from 20 
to 65 weight percent of the total weight of the composition is being formed; and 
a relative extent of polypropylene cross linking to polyethylene cross linking in said cross linked por- 
tion, in weight percent, is expressed by the following ratio: 

(Wi/W2y(W3/W4) 

where 

W, is the weight of a cross linked portion of said polypropylene: 



30 



EP 0 704 476 B1 



W2 is the weight of a cross linked portion of said polyethylene; 
W3 is the weight of said polypropylene based resin; 

W4 Is the weight of said polyethylene based resin; and 1 
5 Said ratio Is from 1 to 5. ' 

20. The method of claim 19, wherein said ionizing radiation source includes electron beam radiation. 

21. The method of claim 19, wherein said step of irradiating said sheet includes exposing said sheet to a radiation 
10 source Including at least one of a a-ray, p-ray, y-^ay and electron beam radiation. 

22. The method of claim 19, wherein said foaming agent is organic and is capable of thermodecomposrtion. 

23. The method of claim 22, wherein said foaming agent is an azodicarbonamide compound. 

15 

24. The method of claim 23, wherein said azodicarbonamide is at least one selected from the group consisting of 
„ 1 ,1 ^azobisfomriamide, benzene sulf onyi hydrazide, dinitrosopentamethylene tetramlne, toluene sulfonyl hydrazide, 

4,4-oxybis(benzene sulfonyl hydrazide), and similar compounds. . ' 

20 25. The method of claim 1 9, wherein said cross-linking agent further includes at least one member selected from the 
group consisting of divinyl benzene, ethyl vinyl benzene, trimethylol propane triacrylate, 1 ,6-hexanediol diacrylate, 

1 .9- nonanediol diacrylate, 1 ,10-decanediol diacrylate, trimethylol propane trimethacrylate, 1 ,6-hexanediol dimeth- 
acrylate, 1 ,9-nonanediot dim ethacry late, 1,10-decanediol dimethacrylate, 1,2,4-triallyl trimellitate, and triallyl iso- 
cyanurate. 

25 

26. The method of claim 19, wherein said cross-linking agent is a multi-functional monomer, wherein said multifunc- ** 
tional monomer is at least two members selected from the group consisting of vinyl, acryloyi, methacryioyi, and 
allyl compounds. 

30 27. The method of claim 19, wherein said multifunctional monomer is at least one member selected from the group 
consisting of divinyl benzene, trimethylol propane triacrylate, 1 ,6-hexanediol diacrylate, 1 ,9-nonanediol diacrylate, 

1.10- decanediol diacrylate, trimethylol propane trimethacrylate, 1 ,6-hexanediol dimethacrylate, 1 ,9-nonanediol 
dimethacrylate, 1 ,10-decanediol dimethacrylate, triallyl trimellitate, triethylene glycol diacrylate, tetraethylene gly- 
col diacrylate, cyanoethyl acrylate, and bis(4-acryloxy polyethoxy phenyl) propane. 

35 

28. The method of claim 19, wherein said step of heating includes heating In a vertical air blown oven. 

29. The method of claim 1 9, wherein said step of extrusion includes contlnuousty drawing to form a continuous sheet. 

^0 30. The method of claim 19, wherein said polypropylene based resin further includes an antioxidant. 

31. The method of claim 19, wherein said polypropylene based resin has an averaged molecular weight of from 2.5 x 
1 05 to 6.0 X 105. 

45 32. The method of claim 1 9, further includes a swelling ratio of from 30 to 80, wherein said swelling ratio is expressed as: 

• ' W5 

Swelling ratio = rrp 

so 

where 

W5 = Weight of wet residue after xylene extraction at 120*C for 24 hours, and 

Wg = Weight of dried residue after xylene extraction at 120^C for 24 hours followed by drying at 80^C and 10 
55 mm Hg pressure for 5 hours. 

33. The method of claim 19, wherein said polyethylene based resin further includes at least one member selected 
from the group consisting of polyethylene, a copolymer of ethylene and an o,-oletin olherthan ethylene, a copolymer 
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of ethylene and an acrylic acid, a copolymer of ethylene and a methacrylic acid, a copolymer of ethylene and a 
low molecular weight alkyi ester of an acrylic acid, a copolymer of ethylene and a low molecular weight alkyi ester 
of a methacrylic acid, and a copolymer of ethylene and vinyl acetate. 

34. The method of claim 19. wherein said polypropylene based resin further includes at least one member selected 
from the group consisting of a polypropylene and a copolymer of propylene and an a-olefin other than propylene. 

35. The method of claim 1 9, wherein of said polypropylene based resins contain from 2 to 1 5 weight percent of ethylene. 

36. The plastic foam material according to claim 1 , further having a melt shear viscosity ratio of from 0.3 to 4.0, wherein 
said melt shear viscosity ratio Is expressed as: 

(HiWti 2) 

where 

(pii)= The melt shear viscosity of the polypropylene based resin 
(M = The melt shear viscosity of the polyethylene. 

37. The method of claim 1 9, wherein said step of exposing said sheet to an ionizing radiation source includes ionizing 
said sheet to an ionizing dosage, wherein said ionizing dosage satisfies the formula: ' 

2 < A+B < 20 

where, 

A = Amount, in parts by weight, of multi-functional monomer per 100 parts by weight of polyolef in based resin; and 
B = Dosage (Mrad) of ionizing radiation. 

38. The method of claim 37, wherein said ionizing dosage satisfies the foimula: 

3< A+B< 10 

where, 

A = Amount, in parts by weight, of multi-functional monomer per 100 parts by weight of polyolef in based resin; 
and 

B = Dosage (Mrad) of ionizing radiation. 

39. The method of claim 19, wherein said cross-linking agent includes a multi-functional monomer. 

40. The method of claim 39, wherein said multi-functional monomer includes at least two members selected from the 
group consisting of a vinyl group, an acryloyi group, a methacryloyi group, and an allyl group. 

41. The method of claim 40, wherein said multi-functional monomer includes at least one member selected from the 
group consisting of divinyl benzene, trimethylol propane triacrylate, 1 .6-hexanedioI diacrylate. 1 ,9-nonanediol di- 
acrylate, 1.10-decanediol diacrylate, trimethylol propane trimethacrylate, 1 .6-hexanedlol dimethacrylate, 1,9-no- 
nanediol dimethacrylate, 1,10-decanediol dimethacrylate, 1 ,2,4-triallyl trimellitate, triethylene glycol diacrylate, 
tetraethylene glycol diacrylate. cyanoethyl acrylate, bis(4-acryloxy polyethoxy phenyl) propane, triallyl isocyanu- 
rate and similar compounds. 

42. The method of claim 1 9, wherein: 

said melt index of said polypropylene based resin being from 0.3 to 8 g/10 minutes; and 
said melt index of said polypethylene based resin being from 3 to 30 g/10 minutes. 
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43. The plastic foam material according to claim 1 , wherein: 

said melt index of said polypropylene based resin being from 0.3 to 8 g/10 minutes; and 
said melt index of said polypethylene based resin being from 3 to 30 g/10 minutes. 

5 

Patentanspruche 

1. Kunststoff-Schaummaterial bestehend aus einer auf Polyolefin basierenden Zusammensetzung die nach Ge- 
10 wichtsprozent besteht aus: 

zwischen 40 und 95 Gewichtsprozent von auf Polypropylen basierenden Kunststoffen mit einem Schmelz- 
fluBlndex von 0,05-1 2g/10min; 

zwischen 5 und 60 Gewichtsprozent von auf Polyethylen basierenden Kunststoffen mit einem SchmelzfluBin- • 
15 dex von 2 - 50g/1 Omin ; 

gekennzeichnet dadurch, 

dass das Kunststoff-Schaummaterial zwischen 20 und 65 Gewichtsprozent vemetzten Anteil mit einer Dichte 
20 von 0,02 - 0,2g/cm2 aufweist, 

wobei der vernetzte Anteil von 55 bis 95 Gewichtsprozent eines vernetzten Polypropylens und von 5 bis 45 
Gewichtsprozent eines vernetzten Polyethylens aufweist.. 

2. Kunststoff-Schaummaterial nach Anspruch 1 , wobei der auf Polypropylen basierende Kunststoff wenigstens eines 
25 der Mitglieder aus der Gruppe bestehend aus einem Polypropylen und einem Copolymer von Propylen und einem 

anderen a-Olefin als Polypropylen ist. 

3. Kunststoff-Schaummaterial gema3 Anspruch 1 , wobei der auf Polypropylen basierende Kunststoff ein Antioxydans 
enthalt. 

30 

4. Kunststoff-Schaummaterial gemaB Anspruch 1 , wobei der auf Polypropylen basierende Kunststoff ein Molekular- 
gewlcht von 2,5x1 0^ bis 6,0x1 0^ besitzt. 

5. Kunststoff-Schaummaterial gema3 Anspruch 1 , wobei ein relativer Anteil in Gewichtsprozent der Vernetzung von 
35 Polypropylen zu der Vernetzung von Polyethylen und dem vernetzten Anteil durch diefolgende Fonmel ausgedruckt 

ist: 

(Wi/W2)/(W3yW4) 

40 

wobei 

das Gewlcht eines vernetzten Antells des Polypropylens ist; 
Wg das Gewicht eines vernetzten Anteils des Polyethylens ist; 
^5 W3 das Gewicht des auf Polypropylen basierenden Kunststoffs ist; 

W4 das Gewicht des auf Polyethylen basierenden Kunststoffs ist; und 

Das Verhaltnis zwischen 1 und 5 liegt. 

50 6. Kunststoff-Schaummaterial gemaB Anspruch 1 , wobei welter ein Quellverhaltnls von 30 bis 80 vorhanden Ist, 
wobei das Queilverhditnis als 



W 

Quellverhattnis = r^r^ 

55 ^6 
Ausgedruckt ist, wobei 
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Wg = das Gewicht des nassen Ruckstands nach einer Xylol-Extraktion bei 120''C uber 24 Stunden; und 
We das Gewicht des getrockneten Ruckstands nach einer Xylol-Extraktion bei 120'*C uber 24 Stunden und 
nachfolgendem Trocknen bei 80**C uber 5 Stunden bei 10mm Hg Druck. 

7. Kunststoff-Schaummaterial gemaB Anspruch 1 , wobei weiter eine zusammenhangende Matrix von auf Polypro- 
pylen basierendem Kunststoff vorhanden ist, die eine Disperslonsphase von auf Polyethylen basierendem Kunst- 
stoff besltzt, die in der zusammenhangenden Phase dispergiert ist. 

8. Kunststoff-Schaummaterial gemaB Anspruch 7, wobei die dispergrerte Phase einen durchschnlttlichen Querschnltt 
von nicht mehr als Afi\L^m aufweist. 

9. Kunststoff-Schaummaterial gemaB Anspruch 1 , wobei der auf Polyethylen basierende Kunststoff wenigstens ein 
Mitglied der Gruppe bestehend aus Polyethylen, einem Copolymer von Ethylen und einem anderen a-Olefin als 
Ethylen, einem Copolymer von Ethylen und einer Acrylsaure, einem Copolymer von Ethylen und einer Methacryl- 
saure, einem Copolymer von Ethylen und Alkylester mit einem niedrlgen Molekuiargewicht aus einer Acrylsaure, 
einem Copolymer von Ethylen und einem Alkylester mit niedrigem Molekuiargewicht aus einer Methacrylsaure 
und einem Copolymer von Ethylen und Vinylacetat. 

10. Kunststoff-Schaummaterial gemaB Anspruch 1 , wobei die Schmelzscherviskositat des auf Polyethylen basieren- 
den Kunststoffs (^2) zwischen 2.000 und 1 0.000 Poise bei einer Temperatur von 1 80 bis 220*C bei einer Scherrate 
von etwa 80 bis 800 pro Sekunde betrSgt. 

11. Kunststoff-Schaummaterial gemaB Anspruch 1, , wobei die Schmelzscherviskositat des auf Polypropylen basie- 
renden Kunststoffs (ni)zwischen 4.000 und 30.000 Poise bei einer Temperatur von 1 80 bis 220*C bei einer Scher- 
rate von etwa 80 bis 800 pro Sekunde betragt. 

12. Kunststoff-Schaummaterial gemaB Anspruch 1 , wobei dieses weiter ein Vernetzungsmittel enthalt. 

13. Kunststoff-Schaummaterial gem§B Anspruch 1 , wobei dieses weiter ein thennozersetzendes Schaummittel ent- 
halt. 

14. Kunststoff-Schaummaterial gemaB Anspruch 12, wobei das Vernetzungsmittel wenigstens eines der Mitglieder 
der Gruppe bestehend aus Divinylbenzol, Ethylvinylbenzol, Trimethylolpropantriacrylat, 1 ,6-Hexandioldiacrylat, 
1 ,9-Nonandioldiacrylat, 1 ,10-Decandioldlacrylat, Trimethylolpropantrimethacrylat, 1 ,6-Hexandioldimethacrylat, 
1 ,9-Nonandioldimethacrylat, 1 ,1 0-Decandioldimethacrylat, 1 ,2,4-Triallyltrimellltat und Triallylisocyanurat ist, 

1 5. Kunststoff-Schaummaterial gemSB Anspruch 1 4, wobei das Vernetzungsmittel ein multif unktionales Monomer ist; 
und 

das multifunktionale Monomer aus wenigstens zwei Mitgliedem aus der Gruppe bestehend aus Vinyl, AcryloyI, 
Methacryloyi und AllylvertDindungen besteht. 

16. Kunststoff-Schaummaterial gemaB Anspruch 13, wobei das Schaummittel eine AzodteartDonamidverbindung ist. 

17. Kunststoff-Schaummaterial gemaB Anspruch 1 6, wobei das Azodicart^onamld wenigstens ein Mitglied der Gruppe 
bestehend aus 1,1-Azobisfonnamid, Benzolsulfonylhydrazid, Dinitrosopentamethylentetramin, Toluolsulfonylhy- 
drazid und 4,4-Oxybis(Benzolsulfonylhydrazid) ist. 

18. Kunststoff-Schaummaterial aus einer auf Polyolefin basierenden Kunststoffzusammensetzung, bestehend aus: 

zwischen 40 und 95 Gewichtsprozent eines auf Polypropylen basierenden Kunststoffes mit einem Schmelz- 
fluBindex von 0,05 - 12g/10min und das zwischen etwa 2 und etwa 15 Gewichtsprozent Ethylen enthalt; 
zwischen 5 und 60 Gewichtsprozent eines auf Polyethylen basierenden Kunststoffs mit einem SchmelzfluBin- 
dex von 2 - 50g/1 Omin; wobei das Kunststoff-Schaummaterial auBerdem zwischen 20 und 65 Gewfchtsprozent 
eines vernetzten Anteils aufweist und eine Dichte vori 0,02-0,2g/cm3 besitzt; 

wobei der vemetzte Anteil zwischen 55 und 95 Gewichtsprozent vernetzten Polypropylens und 5 bis 45 Ge- 
wichtsprozent vernetzten Potyethylens enthalt. 
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, 19. Verfahren zur Herstellung eines Kunststoff-Schaummaterials, bestehend aus den Schritten: 

MIschen von zwischen 40 und 95 Gewichtsprozent eInes auf Polypropylen basierenden Kunstsjtoffs und zwi- 
schen 5 und 60 Gewichtsprozent eines auf Polyethylen basierenden Kunststoffs mit einem Vernetzungsmittel 
5 nnund einem Schaummittel um eine Kunststoffzusammensetzung zu erhalten; t 

Extrudieren der Kunststoffzusannmensetzung um eine Folie zu erhaiten; 

Aussetzen der Folie einer ionisierenden Strahlungsquelle um eine vernetzte Kunststofffolie zu erhalten; 
wobei die Dosierung der ionisierenden Strahlungsquelle zwischen 1 ,0 und 6,0 Mrad betragt und der auf Po- 
lypropylen basierende Kunststoff einen Schmelzindex von 0.5g/10 Mtnuten bis etwa 12g/10 Minuten und der 
10 auf Polyethylen basierende Kunststoff einen Schmelzindex von 2g/1 0 M Inuten bis etwa 50g/1 0 Minuten besitzt ; 

und 

Erhitzen der vernetzten Kunststofffolie um ein Kunststoff-Schaumaterial mit einer DIchte von 0,02 bis 0,2g/ 
cm^ zu erhalten; , 

IS Wobei das Verfahren dadurch charakterisiert ist; 

dass die Aussetzung der ionisierenden Strahlungsquelle fortgesetzt wird, bis ein vemetzter Anteil von 20 bis 
65 Gewichtsprozent des Gesamtgewichts der Zusammensetzung gebildet wird; und 
dass ein relativer Anteil der Vernetzung von Polypropylen zu der Vernetzung von Polyethylen und dem ver- 
20 netzten Anteil in Gewichtsprozent durch die folgende Formel ausgedruckt ist: 

(W,/W2y(W3/W4) 

25 wobei 

das Gewicht eines vernetzten Anteils des Polypropylens ist; ' 
W2 das Gewicht eines vernetzten Anteils des^olyethylens ist; 
W3 das Gewicht des auf Polypropylen basierenden Kunststoffs ist; 
W4 das Gewicht des auf Polyethylen basierenden Kunststoffs ist; und 
30 Das Verhaltnis zwischen 1 und 5 llegt. 

20. Verfahren nach Anspruch 19, wobei die ionisierende Strahlungsquelle eine Elektronenstrahlquelle ist. 

21. Verfahren nach Anspruch 19, wobei der Schritt der Bestrahlung der Folie einschlieBt, die Folie wenigstens einer 
35 a-Strahl, p-Strahl, y-Strahl oder Elektronenstrahlquelle auszusetzen. 

22. Verfahren nach Anspruch 19, wobei das Schaummittel organisch ist und sich themriisch zersetzen kann. 

23. Verfahren nach Anspruch 22, wobei das Schaummittel eine Azodicarbonamidzusammensetzung ist. 

40 

24. Verfahren nach Anspruch 23, wobei das Azodicarbonamid wenigstens ein Mitglied der Gruppe bestehend aus 
1,1-Azobisformamtd, Benzolsulfonylhydrazid, Oinitrosopentamethylentetramin, Toluotsulfonylhydrazid und 
4,4-Oxybis(Benzolsulfonylhydrazid) und ahnlichen Verbindungen ist. 

45 25. Verfahren nach Anspruch 19, wobei das Vernetzungsmittel au3erdem wenigstens eines der Mitglieder der Gruppe 
bestehend aus Divinylbenzol, Ethylvinylbenzol, Trimethylolpropantriacrylat, 1 ,6-Hexandioldiacrylat, 1,9-Nonan- 
dioldiacrylat, 1,10-Decandioldiacrylat, Trimethylolpropantrimethacrylat, 1 ,6-Hexandioldimethacrylat, 1,9-Nonan- 
dioldimethacrylat, 1,10-Decandioldimethacrylat, 1 ,2,4-Triallyltrimellltat und Trial lylisocyanu rat enthalt. 

50 26. Verfahren nach Anspruch 19, wobei das Vernetzungsmittel ein multlfunktionales Monomer ist, wobei das mutti- 
funktionale Monomer wenigstens aus zwei Mitgliedern der Gruppe bestehend aus VinylacryloyI, MethacryloyI und 
Allylzusammensetzungen besteht. 

27. Das Verfahren von Anspruch 1 9, wobei das multifunktionale Monomer wenigstens ein Mitglied der Gruppe beste- 
55 hend aus Divinylbenzol, Trimethylolpropantriacrylat, 1 ,6-Hexandioldiacrylat, 1 ,9-Nonandioldiacrylat, 1,10-Decan- 

dioldiacrylat.Trimethyiolpropantrimethacrylat, 1 ,6-Hexandioldimethacrylat, 1 ,9-Nonandloldimethacrylat, 1,10-De- 
candioldimethacrylat, Triallyltrimellitat, Triethylenglykoldiacrylat, Tetraethylenglykoldiacrylat, Cyanoethylacrylat 
und bis(4-acryloxypolyethoxyphenyl)propan ist. 
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28. Vertahren nach Anspruch 19, wobei der Schritt des Ertiitzens aus einem Erhitzen in einem vertikalen Blasofen 
besteht. 

29. Verfahren nach Anspruch 19. wobei der Schritt des Extnjdierens aus,einenri Icontinuieriichen Ziehen besteht. urn 
eine kontinuieriiche Folie zu erhalten. 

30. Verfahren nach Anspruch 1 9, wobei der auf Polypropylen basierende Kunststoff auBerdem ein Antioxydans enthalt. 

31. Verfahren nach Anspruch 19, wobei der auf Polypropylen basierende Kunststoff ein durchschnittliches IVIolekular- 
gewicht von 2,6 x lO^ bis 6,0 x 105 besitzt. 

32. Verfahren nach Anspruch 19, wobei weiter ein Quellverhaltnis von 30 bis 80 vorhanden ist, wobei das Quellver- 
haltnis als 



VVr 

Quellverhaltnis = 

Ausgedruckt ist, wobei 

Wg = das Gewicht des nassen Riickstands nach einer Xylol- Extraktion bei 120*C tiber 24 Stunden; und i 
We das Gewicht des getrockneten Ruckstands nach einer Xylol- Extraktion bei 120»C uber 24 Stunden und 
nachfolgendem Trocknen bei 80*'C uber 5 Stunden bei 10 mm Hg Druck 

33. Verfahren nach Anspruch 1 9, wobei der auf Polyethylen basierende Kunststoff wenigstens ein l^itglied der Gruppe 
bestehend aus Polyethylen, einem Copolymer von Ethylen und einem anderen a-Olefin als Ethylen, einem Cop- 
olymer von Ethylen und einer Acrylsaure, einem Copolymer von Ethylen und einer Methacrylsaure, einem Copo- 
lymer von Ethylen und Alkylester mit einem niedrigen Molekulargewlcht aus einer Acrylsaure, einem Copolymer 
von Ethylen und einem Alkyestermit niedrigem Molekulargewicht aus einer Methacrylsaure und einem Copolymer 
von Ethylen und Vinylacetat. 

34. Verfahren nach Anspruch 1 9, wobei der auf Polypropylen basierende Kunststoff ein Mitglied der Gruppe bestehend 
aus Polypropylen und einem Coplymer von Polypropylen und einem anderen a-Olef in als Polypropylen ist. 

35. Verfahren nach Anspruch 1 9, wobei der auf Polypropylen basierende Kunststoff zwischen 2 und 1 5 Gewichtspro- 
zent Ethylen enthalt. 

36. Kunststoff-Schaummaterial nach Anspruch 1 , welter eine Schmelzscherviskositatsrate von 0,3 bis 4.0 besitzend, 
wobei die Schmelzscherviskositatsrate als 



(Ki)/(H2) 

ausgedruckt ist, wobei 

(H,) = Schmelzscherviskositat des auf Polypropylen basierenden Kunststoffs, 
(^) = Schmelzscherviskositat des Polyethylens. 

37. Verfahren nach Anspruch 19, wobei der Schritt des Aussetzens der Folie einer lonisierenden Strahlungsquelle 
beinhaltet, die Folie bis zu einer lonisationsdosierung zu ionisieren, wobei die lonisierungsdosierung der Formel 

2 < A+B < 20 

genijgt, wobei 

A = Anteil in Gewichtsanteilen an multifunktionalem Monomer auf 100 Gewichtsteile de auf Polyolefin basie- 
renden Kunststoffs; und 
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B = Dosierung (Mrad) der lonenbestrahlung. 

38. Verfahren nach Anspruch 37, wobei die lonisierungsdosierung der Formel 

t 

5 

3<A+B<10 

genugt, wobei 

10 A = Anteil in Gewichtsanteilen an multifunlctionalem Monomer auf 100 Gewichtsteile de auf Polyoiefin basie- 

renden Kunststoffs; und 
B = Dosierung (Mrad) der lonenbestrahlung. 

Verfahren nach Anspruch 19, wobei das Vernetzungsmittel ein multifunktionales Monomer enthalt. 

Verfahren nach Anspruch 39, wobei das muttifunlctionale Monomer wenigstens aus zwei Mitgliedern der Gruppe 
bestehend aus einer Vinylgruppe, einer Acry[oylgruppe, einer Methacryloylgruppe und einer Allylgruppe besteht-. 

41 . Verfahren nach Anspruch 40, , wobei das multif unktlonale Monomer wenigstens ein M itglied der Gruppe bestehend 
20 aus Divinylbenzol, Trimethylolpropantriacrylat, 1 ,6-Hexandioldiacrylat, 1 ,9-Nonandioldiacrylat, 1,10-Decandlol- 

diacrylat, Trimethylolpropantrimethacrylat, 1 ,6-Hexandioldimethacrylat, 1 ,9-Nonandioldlmethacrylat, 1 ,10-Decan- 
dioldimethacrylat, 1 ,2,4-Triallyltrimellitat, Triethylenglykoldiacrylat, Tetraethylenglykoldiacrylat, Cyanoethylacrylat, 
bis{4-acryloxypolyethoxyphenyl)propan, Triallylisocyanurat und ahnlichen Verbindungen ist. 

25 42. Verfahren nach Anspruch 19, wobei der Schmelzindex des auf Polypropylen basierenden Kunststoffs: zwischen 
0,3 und 8 g/10 Minuten llegt.. 

43. Kunststoff-Schaummaterial nach Anspruch 1 , wobei: 

30 der Schmelzindex des auf Polypropylen basierenden Kunststoffs zwischen 0,3 und 8 g/10 Minuten liegt; und 

der Schmelzindex des auf Polyethylen basierenden Kunststoffs zwischen 3 und 30 g/10 Minuten llegt. 



Revendications 

35 

1 . Mousse de matiere plastique constitute d'une r6sine a base de polyoltfine, comprenant, en pourcentage ou pour 
cent en poids : 

- de 40 k 95 pour cent en poids de resines a base de polypropylene ayant un indice de fluidity k chaud de 0,05 
40 &12g/10min. 

» de 5 ^ 60 pour cent en poids de resines ^ base de polyethylene ayant un indice de fluidity k chaud de 2 ^ 
50g/min, 

» ladite mousse de matiere plastique comprenant de 20 a 65 pour cent en poids d'une partie reticulee et ayant 
une density de 0,02 a 0,2 g/cm^ 
45 ladite partie reticulee comprend de 55 a 95 pour cent en poids d'un polypropylene reticule et de 5 a 45 pour 

cent en poids d'un polyethylene r6ticul6, 

2. Mousse de matiere plastique selon la revendication 1 , dans laqueile ladite resine k base de polypropylene com- 
prend en outre au moins un element choisi dans le groupe comprenant un polypropylene et un copolymere de 

50 propylene et d'une a-oiefine autre que le propylene. 

s'' 

3. Mousse de matiere plastique selon la revendication 1 , dans laqueile ladite resine k base de polypropylene com- 
prend en outre un antioxydant. 

55 4. Mousse de matiere plastique selon la revendication 1 , dans laqueile ladite resine k base de polypropylene presente 
un poids moleculaire compris entre 2,5 x 10^ et 6,0 x 10^. 

5. Mousse de maliere plastique selon la revendication 1. dan? laqueile Timporlance relative de la formation de le 
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reticulation du polypropylene a la formation de la reticulation du polyethylene dans ladlte paitie r§ticul6e, en pour 
cent en poids, est exprim6e par le rapport suivant : 

(Wi/Waj/Wg/W^), 

ou 

est le poids de la partie r6ticul6e dudit polypropylene ; 

est le poids de la partie r6ticul6e dudIt polyethylene ; 
W3 est ie poids de ladite resine e base de polypropylene ; 
W4 est le poids de ladite resine e base de polyethylene ; et ' 

ledit rapport est compris entre environ 1 et environ 5. ' 

6. Mousse de matiere plastique selon la revendication 1 , pr6sentant en outre un rapport de gonflement de 30 k 80, 
oD iedit rapport de gonflement est exprime par : 

rapport de gonflement = W5 / Wg 

oCi 

W5 est le poids du residu humide apres extraction au xylene a 120* C pendant 24 heures, et 

Wg est le poids du residu s6che apres extraction au xylene a 120^* C pendant 24 heures, suivi d'un s6chage 

a 80* C et sous une pression de 1 0 mm de Hg pendant 5 heures. 

7. Mousse de matiere plastique selon la revendication 1 , comprenant en outre une matrice de r6sine e base de 
polypropylene k phase continue presentant une r6sine k base de polyethylene k phase de dispersion dispersee 
dans ladite phase continue. 

8. Mousse de matiere plastique selon la revendication 7, dans laquelle ladite phase dispersee presente une surface 
en coupe transversale moyenne qui n'est pas superieure a 4,0 ^.m^ 

9. Mousse de matiere plastique selon ia revendication 1 , dans laquelle ladite r6sine k base de polyethylene comprend 
en outre au moins un element choisi parmi le groupe comprenant le polyethylene, un copolymere de rethyiene et 
d'une a-oieflne autre que I'ethylene, un copolymere d'ethylene et d'un aclde acrylique. un copolymere de rethyiene 
et d'un acide methacrylique, un copolymere de I'ethylene et d'un alcoyle ester a bas poids mol6culaire d'un acide 
acrylique, un copolymere de I'ethylene et d'un alcoyle ester a bas poids moleculaire de I'acide methacrylique, et 
un copolymere de I'ethylene et d'un acetate de vinyle. 

10. Mousse de matiere plastique selon ta revendication 1 , dans laquelle la viscosite de cisaillement k chaud de ladite 
resine a base de polyethylene (jig) se situe entre 2000 et 1 0.000 poises a une temperature de 1 80 e 220**C sous 
une Vitesse de cisaillement de 80 e 800 par seconde. 

11 . Mousse de matiere plastique selon la revendication 1 , dans laquelle la viscosite de cisaillement k chaud de ladite 
resine a base de polypropylene (p.^) est de 4.000 a 30.000 poises a une temperature de 180 a 220*C sous une 
Vitesse de cisaillement de 80 a 800 par seconde. 

12. Mousse de matiere plastique selon la revendication 1 comprenant en outre un agent fomiateur de reticulation. 

13. Mousse de matiere plastique selon la revendication 1 comprenant en outre un agent de moussage k thennode- 
composrtion. 

14. Mousse de matiere plastique selon la revendication 12, dans laquelle ledit agent formateur de reticulation com- 
prend au moins un element choisi pamii le groupe comprenant le divinyle benzene, I'ethyle vinyle benzene, le 
trimethylole propane triacrylate, le 1 ,6-hexanediol diacrylate, le 1 ,9-nonanediol diacrylate, le 1 ,10-decanediol dia- 
crylate, le trimethylol propane trimethacrylate, le 1 ,6-hexanediol dimethacrylale, le 1 ,9-nonanedlol dimethacrylate. 
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le 1 ,10-cl6canediol dimdthacrylate, le 1 .2,4-triallyle trimellitate, et le triallyle isocyanurate. 

15. Mousse de mati^re plastique seion la revendication 14, dans laquelle ledit agent de fomnation de ta reticulation 
est un monom^re multifoncttonnel ; et ' 

5 

ledit monomere multifonctionnel comprend au moins deux elements choisis panni le groupe comprenant des 
composes de vinyle, d'acryloyle, de m^thacryloyle, et d'allyle. 

16. Mousse de mati^re plastique selon la revendication 13, dans laquelle ledit agent de moussage est un compost 
10 d'azodicarbonamlde. 

17. Mousse de mati^re plastique selon la revendication 16, dans laquelle ledit azodicarbonamide est au moins un 
didment choisi panmi le groupe comprenant le 1 ,1 -azobisformamide, ie benzene sulfonyle hydrazide, la dinitroso- 
pentam6thyl&ne tetramine, le toluene sulfonyle hydrazide, et le 4,4-oxybis(benzene sulfonyle hydrazide). 

15 

18. Mousse de mati^re plastique constitute d'une rtsine k base de polyoltfine comprenant : 

- de 40 k 95 pour cent en poids d'une rtsine k base de polypropylene ayant un indice de fluidity k chaud de 
0,05 k 12g/10min, contenant depuls environ 2 k environ 15 pour cent en poids d'tthyl^ne ; 

20 - de 5 ^ 60 pour cent en poids d'une rdsine a base de polyethylene ayant un indice de fluidlte k chaud de 2 e 

50g/min ; tadlte mousse de matiere plastique comprenant en outre de 20 a 65 pour cent en poids d'une partie 
reticulee et ayant une densite de 0,02 a 0,2 g/cm^ 

- ladite partie reticuiee comprend de 55 k 95 pour cent en poids d'un polypropylene reticule et de 5 d 45 pour 
cent en poids d'un polyethylene reticule. 

25 

19. Precede de preparation d'une mousse de matiere plastique comprenant les etapes consistant k : 

meianger ensemble de 40 k 95 pour 1 00 en poids de resines k base de polypropylene et de 5 ^ 60 pour cent 
en poids de resines a base de polyethylene avec un agent de fonnation de reticulation et un agent de moussage 
30 de fa^on k fomier une rtsine ; 

extruder ladite resine de fagon a former une feuille de resine ; 

exposer ladite feuille k une source de rayonnement ionisant de fagon a former une feuille de resine reticuiee, 
tout en utilisant une dose de ladite source de rayonnement Ionisant comprise entre 1 ,0 et 6,0 Mrad tandis que 
ladite resine k base de polypropylene presente un indice de fusion de 0,5 g/10 minutes k environ 12g/10 
35 minutes et que la resine k base de polyethylene presente un indice de fusion de 2 g/1 0 minutes a environ 50 

g/10 minutes ; et 

chauffer ladite feuille de resine reticuiee de iagon a former une mousse plastique ayant une densite de 0,02 
k 0,2 g/cm^, ledit precede etant caracterise en ce que : 

40 I'exposition k ladite source de rayonnement ionisant est poursuivie jusqu'a ce qu'une partie reticuiee de 

25 k 65 pour cent en poids du poids total de la composition se soit fonnee ; et 

■'importance relative de la fonnation de la reticulation du polypropylene k la fonnation de la reticulation 
du polyethylene dans ladite partie reticuiee, en pour cent en poids, est exprimee par le rapport suivant : 

(Wi/W2)/W3/W4). 

ou 

so est le poids de la partie reticuiee dudit polypropylene ; 

W2 est le poids de la partie reticuiee dudit polyethylene ; 
W3 est le poids de ladite resine a base de polypropylene ; 
W4 est le poids de ladite r6sine k base de polyethylene ; et 

55 ledit rapport est compris entre 1 et 5. 

20. Precede selon la revendication 19. dans lequel ladite source de rayonnement ionisant comprend un rayonnement 

par taisceau electroniqup 
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, 21 . Procede selon la revendication 19, dans tequel ladite 6tape dNrradiation de ladite feuille comprend rexposition de 
ladite feuille ^ une source de rayonnement comprenant au moins un rayonnement a, un rayonnement p, un rayon- 
nement y et un rayonnennent par faisceau Electron ique. , 

22. Procede selon la revendication 19, dans lequel ledit agent de moussage est un compose organique susceptible 
de subir une thermod^mposition. 

23. Proc6de selon la revendication 22, dans lequel ledit agent de moussage est un compose azodicarbonamide. 

24. Proc6de selon la revendication 23. dans lequel ledit azodicarbonamide est I'un au moins des compos6s choisis 
parmi le groupe comprenant le 1 .l-azobisfonnamide, le benzene sulfonyle hydrazide, la dinitrosopentamethyl&ne 
t6tramine, le toluene sutfonyle hydrazide, le 4,4-oxybis(benzene sulfonyle hydrazide), et des composes simtlaires. 

25. Procede selon la revendication 1 9, dans lequel ledit agent fomiateur de reticulation comprend au moins un element 
choisi parmi le groupe comprenant le divinyle benzene, I'ethyle vinyle benzene, le trimethylol propane triacrylate, 
le 1 ,6-hexanediol diacrylate, le 1,9-nonanediol diacrylate, le 1,10-decanediol diacrylate, le trim6thylol propane 
trim6thacrylate, le 1 ,6-hexanediol dim6thacrylate, le 1,9-nonanediol dim6thacrylate, le 1,10-d§canediol dim6tha- 
crylate, le 1 ,2,4-triallyt trimellitate, et le triallyle isocyanurate. 

26. Procede selon la revendication 25, dans lequel ledrt agent de fomiation de la reticulation est un monomere mul- 
tifonctionnel, ou ledit monomere multifonctionnel comprend au moins deux elements choisis parmi le groupe com- 
prenant des composes de vinyle, d'acryloyle, de methacryloyle, et d'allyle. 

27. Precede selon la revendication 19, dans lequel ledit monomdre multifonctionnel est au moins un 6l6ment choisi 
parmi le groupe comprenant le divinyle benzfene. le trim6thylol propane triacrylate, le 1 ,6-hexanediol diacrylate, 

le 1 ,9-nonanediol diacrylate, le 1 ,10-decanediol diacrylate, le trimethylol propane trim6thacry late, le 1 ,6-hexanediol i* 
dimethacrylate, le 1 ,9-nonanediol dimethacrylate, le 1 ,1 0-decanedloi dimethacrylate, le triallyle trimellitate, le trie- 
thylene glycol diacrylate, le tetraethylene glycol diacrylate, le cyanoethyle acrylate, et le bis (4-acryloxy polyethoxy 
phenyle) propane. 

28. Procede selon la revendication 19, dans lequel ladite etape de chauffage comprend le chauffage dans un four a 
souff lage d'air vertical. 

29. Precede selon la revendication 19, dans lequel ladite etape d'extrusion comprend retirement en continu pour 
fomrier une feuille continue. 

30. Procede selon la revendication 19, dans lequel ladite resine a base de polypropylene comprend en outre un an- 
tioxydant. 

31 . Precede selon la revendication 1 9, dans lequel ladite r6sine k base de polypropylene pr6sente un polds moieculaire 
moyen compris entre 2,5x1 0^ et 6,0x1 0^. 

32. Procede selon la revendication 19, presentant en outre un rapport de gonflement de 30 a 80, oD ledit rapport de 
gonflement est exprime par : 

rapport de gonflement = W5 / Wg 

ou 

W5 est le poids du residu humide apres extraction au xylene a 120° C pendant 24 heures, et 

Wg est le poids du residu seche apres extraction au xylene a 120* C pendant 24 heures, suivi d'un sechage 

^ SO** C et sous une pression de 10 mm de Hg pendant 5 heures. 

33. Precede selon la revendication 19, dans lequel ladite resine a base de polyethylene comprend en outre au moins 
un element choisi panni le groupe comprenant le polyethylene, un copolymere de I'ethylene et d'une a-oiefine 
autre que I'ethylene, un copolymere Methylene et d'un acide acrylique, un copolymere de I'ethylene et d'un acide 
methacrylique. un copolymere de I'ethylene et d'un alcoyle ester a bas poids moieculaire d'un acide acrylique, un 
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. < copolymere de I'ethylene et d'un alcoyle ester d bas poids mol^culalre de I'acide m^thacrylique,, et un copolym^re 
de r^thyldne et d'un acetate de vinyle. 

I 

34. Proc6d^ selon la revendication 1 9, dans lequei ladite r^sine k base de polypropylene comprend en outre au niolns 
5 un 6l6ment choisi dans le groupe comprenant un polypropylene et un copolymere de propylene et d'line a-ol6fine 

autre que le propylene. 

35. Precede selon la revendication 19, dans lequei lesdites r^sines d base de polypropylene contiennent de 2 ^ 15 
pour cent d'6thyl6ne. 

10 

36. Mousse de matl^re plastique selon ia revendication 1 , pr^sentant un rapport de viscosity de cisaillennent 1^ chaud 
de 0,3 a 4,0, ou le rapport de viscosity de cisaillement k chaud est exprimee par la relation 

-- oil _ _ _ .. 

= viscoslte de cisaillement a chaud de la resine a base de polypropylene, 
20 {^) =: viscosity de cisaillement k chaud du polyethylene. 

37. Proc6d6 selon la revendication 19, dans lequei ladite etape consistant a exposer ladite feuille a une source de 
rayonnement ionisant comprend i'lonisatlon de ladite feuille a un dosage ionisant, dans lequei ledit dosage ionisant 
satlsfait la fonnule : 

25 

2 < A + B < 20 

oii, 

30 

A = quantity, en parties en poids, du monom^re multifonctionnel pour 1 00 parties en poids d'une r^slne k base 
de polyol^fine ; et 

B dosage (en Mrad) du rayonnement ionisant. 
35 36. Precede selon la revendication 37, dans lequei ledit dosage ionisant satisfait la formule : 

3<A + B<10 

40 OU 

/ 

A = quantite, en parties en poids, du monomere multifonctionnel pour 1 00 parties en poids d'une resine k base 
de polyol6fine ; et 

B = dosage (en Mrad) du rayonnement ionisant. 

45 

39. Proc^d^ selon la revendication 1 9, dans lequei ledit agent de fonnation de la reticulation comprend au moins' un 
. , monomere multifonctionnel. 

40. Precede selon la revendication 1 9, dans lequei ledit monomere multifonctionnel comprend au moins deux elements 
50 choisis parmi le groupe comprenant un groupe vinyle, un groupe acryloyle, un groupe methacryloyle, et un groupe 

allyle. 

41. Proc6d6 selon la revendication 40, dans lequei ledit monomere multifonctionnel comprend au moins un 6l6ment 
choisi parmi le groupe comprenant le divtnyle benzene, I'^thyle vinyle benzene, le trim^thylol propane triacrylate, 

55 le 1 ,6-hexanediol diacrylate, le 1 ,9-nonanediol diacrylate, le 1 ,10-decanediol diacrylate, le trimethylol propane 

trimethacrylate, le 1,6-hexanediol dimethacrylate, le 1,9-nonanediol dimethacrylate, le 1 ,10-decanediol dimetha- 
crylate, le 1 ,2,4-triallyle trimellitate; le triethylene glycol diacrylate, le tetraelhylene glycol diacrylate, le cyanoethyle 
acrx'latG. le bif (4-acryloxy polyelhoxy phenyle) propane, le Iriallyle isocyanurale el deF coriposes similairef . 
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42. Proc6de selon la revendication 19, dans lequel : 

ledit indice de fluidity de ladite r6sine k base de polypropylene estcompris entre 0,3 et 8 g/10 minutes ; et 
ledit indice de fluidity de ladite r§sine d base de poly6thylfene est compris entre 3 et 30 g/10 minutes 

5 

43. Mousse de matifere plastique selon la revendication 1 , dans laquelle : 

ledit indice de fluidite de ladite reslne k base de polypropylene est compris entre 0,3 et 8 g/10 minutes ; et 
ledit indice de fluidity de ladite rdsine k base de poly6thyl6ne est compris entre 3 et 30 g/1 0 minutes. 

10 
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